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RESULTS  OF  SPIRIT  LEVELING  IN  PENNSYLVANIA  FOR: 
THE  YEARS  1899  TO  1905,  INCLUSIVE. 


By  S.  S.  Gannett  and  D.  II.  Baldwin. 


INTRODUCTION^. 

The  readjustment  in  1903  of  the  precise-level  net  in  the  eastern  portion  of  the  United 
States  by  the  United  States  Coast  and  Geodetic  Survey  necessitated  a  corresponding  read- 
justment of  all  spirit-level  heights  of  the  United  States  Geological  Survey  dependent 
thereon.  These  results  will  be  summarized  by  States  or  groups  of  States  and  published 
from  time  to  time  in  bulletin  form. 

All  results  cf  leveling  in  Pennsylvania  previously  published  in  Appendixes  to  Reports  of  the 
Director  of  the  United  States  Geological  Survey  and  in  Bulletin  No.  185,  as  well  as  levels 
not  previously  published,  have  therefore  been  readjusted,  rearranged  by  quadrangles,  and 
collected  herewith  in  one  publication.  Additional  work  done  in  1902  on  Sideling  Hill  quad- 
rangle, Fulton  County,  will  be  reported  on  when  the  work  in  that  quadrangle  is  completed. 
Descriptions  and  elevations  of  bench  marks  are  given  in  forty-two  counties,  furnishing  ver- 
tical control  for  one-fourth  of  the  total  area  of  the  State. 

The  field  work  was  done  under  the  direction  of  Mr.  H.  M.  Wilson,  geographer,  and  under 
the  immediate  supervision  of  Messrs.  Frank  Sutton  and  R.  D.  Cummin,  chiefs  of  section. 
United  States  Geological  Survey,  in  cooperation  with  the  State  of  Pennsylvania,  by  various 
topographers  and  Icvelmen  of  the  United  States  Geological  Survey,  to  whom  due  credit  is 
given  under  the  different  headings  listed  in  the  following  pages.  The  office  work  of  adjust- 
ment was  principally  done  by  Mr.  D.  H.  Baldwin,  topographer,  under  the  supervision  of 
Mr.  S.  S.  Gannett,  geographer  in  charge  of  the  triangulation  and  computing  section. 

The  elevations  are  arranged  according  to  the  degree  of  accuracy  of  their  determination, 
precise  and  primary.  The  former  are  determined  by  lines  of  levels  run  either  in  both  for- 
ward and  backward  directions  or  by  simultaneous  double-rodded  lines,  a  high-grade  instru- 
ment being  used  and  special  precautions  being  taken  in  observations  and  reduction  to  cor- 
rect errors  and  make  the  line  continuously  good  throughout.  The  latter  or  primary  levels 
are  determined  with  the  Y  level,  precautions  being  taken  against  only  the  principal  errors 
and  the  levels  being  run  mostly  in  circuits  of  single  lines.  The  allowable  limit  of  error  ob- 
served on  the  precise  work  already  done  by  the  Geological  Survey  in  this  State  is  represented 
in  feet  by  O.OSV^D  and  that  for  the  primary  work  by  0.05v^D,  in  which  D  is  the  length  of 
circuit  in  miles. 

The  bench  marks  described  in  the  following  list  are  of  two  general  forms.  First,  a  circu- 
lar bronze  or  aluminum  tablet  3}  inches  in  diameter  and  one-fourth  inch  thick,  appropri- 
ately lettered,  having  a  3-inch  stem  cemented  into  a  drill  hole,  generally  in  the  vertical 
walls  of  public  buildings,  bridge  abutments,  or  other  substantial  masonry  structures. 
The  second  form,  employed  where  masonry  or  rock  is  not  accessible,  consists  of  a  hollow 
wrought-iron  post  4  feet  in  length  and  3J  inches  in  outer  diameter,  split  at  the  bottom  and 
expanded  to  12  inches,  so  as  to  prevent  both  the  easy  subsidence  of  the  post  and  its  being 
maliciously  pulled  out  of  the  ground.  The  iron  is  heavily  coated  with  asphalt,  and  over  the 
top  of  the  post  ia  riveted  a  bronze  tablet  similar  to  that  described  above. 
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6  SPIRIT    LEVELING    IN    PENNSYLVANIA,    1899   TO   1905. 

The  numbers  stamped  upon  the  bench  marks"a9-de.scribed  in  the  following  lists  represent 
the  elevations  to  the  nearest  foot  above  izK^an'<«cajQVcl,  as  determined  by  unadjusted  levels 
in  the  field.  They  have  be^n  «ti'bjeM^d-tb  changes  resulting  from  the  adjustments  neces- 
sary to  close  circuiUa^^cttKoseVeaufting  from  reduction  to  mean  sea  level  through  read- 
justment gf  the  preci^-l^vef  hct  of  the  United  States.  In  some  cases  the  finally  accepted 
ele^vationfi  ^  {jtint^d'licrcin  differ  from  those  submitted  as  bench-mark  numbers  by  1  or  2 
feeli  ;  This  method  of  numbering  bench  marks  has  been  adopted  where  many  levelmen  are 
working  in  the  same  area  at  the  same  time,  as  less  liable  to  lead  to  confsuion  in  identifica- 
tion of  bench  marks  than  any  attempt  at  serial  numbering,  and  because  the  bench-mark 
number  at  the  same  time  gives  an  approximate  statement  of  the  elevation.  It  is  assumed 
that  engineers  and  others  finding  these  bench  marks  so  stamped  in  the  field  will  communicate 
with  the  Director  of  the  United  States  Geological  Survey  in  order  to  obtain  the  accepted 
elevation  to  hundredths  or  thousandths  of  a  foot. 

Any  person  finding  bench  marks  in  the  following  lists  mutilated  or  destroyed  will  confer 
a  favor  by  notifying  the  Director,  United  States  Geological  Survey,  Washington,  D.  C. 

PRECISE  liEVEI^IT^G. 

PIKE  AND  SUSQUEHANNA  COUNTIES. 
GREAT  BE9ID,  LICKAWAXEN,  AND  NAKBOWSBUBU  QLADBANGLE8. 

The  elevations  in  the  following  list  are  the  result  of  a  line  of  precise  levels  run  from 
Binghamton  to  Poughkoepsie.  The  two  sections  of  this  line,  Binghamton  to  Hancock,  and 
Hancock  to  Poughkeepsie,  form  two  links  in  the  net  of  precise  leveling  in  the  United  States 
49  and  138  miles  in  length,  respectively.  The  elevations  here  reported  are  the  result  of  the 
1903  adjustment,  the  effect  of  which  upon  the  original  results  by  tliis  line  has  been  to  in- 
crease the  elevation  at  Hancock  with  respect  to  Binghamton  0.042  foot  and  increase  the 
elevation  at  Poughkeepsie  with  respect  to  Hancock  0.423  foot. 

The  New  York  portion  of  this  line  is  published  in  the  bulletin  of  spirit  leveling  for  the 
State  of  New  York  (Bull.  281,  U.  S.  Geol.  Survey).  The  leveling  was  done  during  June, 
July,  and  August,  1900,  by  Mr.  C.  H.  Semper,  levelman.  The  standard  bench  marks  are 
stamped  "ALBANY"  in  addition  to  the  figures  of  elevation. 

OBEAT   BEND   QUADBANGLB.  ' 

GREAT  BEND,  ALONG  ERIE  RAILROAD,  TO  LANESBORO. 

Feet. 

(}reat  Bend,  at  milepost  J.  C.  200  D.  224,  north-bound  track:  top  of  rail 879.9 

Oreat  Bend,  200  feet  north  of  station,  in  faco  of  southeast  foundation  stone  of  railroad  water 

tank;  bronze  tablet  stamped  "880  ALBANY  1900" 880.778 

Hickory  Grove,  600  feet  north  of  station,  top  of  southeast  abutment  of  iron  bridge;  bronze 

tablet  stamped  "893  ALBANY  1900" 883.621 

Hickory  Grove,  in  front  of  station,  north-bound  track ;  top  of  rail 806. 0 

Susquehanna,  in  front  of  station,  north-bound  track;  top  of  rail 909. 9 

Lanesboro,  1.3  miles  northeast  of  Susquehanna,  long  iron  bridge  over  highway  and  stream, 

top  of  south  abutment,  west  side;  bronze  tablet  stamped  "955  ALBANY  1900 " 056. 139 

NABBOW8BUBO  QUADBANQLE. 

MASTHOPB,  ALONG  ERIE  RAILROAD,  TO  WESTCOLANG. 

Masthope,  In  front  of  station,  north-bound  track;  top  of  rail 667.6 

Westcolang  Park,  100  feet  east  of  station,  railroad  bridge,  top  of  west  abutment,  south  side;  - 
bronze  Ublet  stamped  "665  ALBANY  1900" 665.618 


PRECI8E   LEVELING.  7 

LACKA WAXEN   QUADRANGLE. 
LACKAWAXKN  TO  MILLRIFT. 

Feet. 

LackawaxMi,  in  front  of  station,  north-bound  track;  top  of  rail 646. 8 

Sholiola»  between  Shohola  Qlen  and  store,  stone  steps  opposite  east  end  oi  station,  third  from 

bottom;  bronzeUbletsUmped  "648  ALBANY  1900" 648.902 

Parkersi^en,  in  front  of  station,  north-bound  track;  top  of  rail 626. 5 

Pond  Eddy,  in  front  of  station,  north-bound  track;  top  rail 570.8 

Pond  Eddy,  0.2  mUe  east  of;  350  feet  east  of  whistle  post,  cut  on  south  side  of  railroad,  face  of 

rock;  bronze  Ublet  stamped  "573  ALBANY  1900" 574.233 

Millrlft,  in  front  of  sUtion,  north-bound  track;  top  of  rail 494.4 

MUlrift,  0.3  mile  east  of,  l<mg  bridge  over  Delaware  River,  top  of  west  abutment,  south  side; 

bftmie  tablet  stamped  "401  ALBANY  1900" 491.874 

BRADFORD  AND  LYCOMING  COUNTIES. 
fULLm,  GBOYER,  AUiSTOir,  TROUT  BIN,  AND  WILLUX8P0BT  qUADRANGLES. 

Tbe  elevations  in  the  foUowing  list  are  the  Pennsylvania  portion  of  the  line  of  precise  lev- 
eling run  south  from  Elmira,  N.  Y.,  a  point  on  the  precise-level  line  of  1898,  and  connected 
at  Williamsport,  Pa.,  to  a  circuit  of  Pennsylvania  Railroad  levels  from  Harrisburg.  The 
latter  point  is  on  the  Coast  and  Geodetic  Survey  transcontinental  precise  line.  This  line, 
75  miles  in  length,  was  involved  as  a  factor  in  the  1903  adjustment  of  the  precise-level  net, 
the  result  of  which  was  to  lower  the  elevation  by  the  original  hne  only  0.004  foot  at  Williams- 
port  with  respect  to  Elmira. 

The  usual  moihod  of  leveling  and  party  outfit  was  used.  The  leveling  was  done  in  1899 
bj  Mr.  C.  U.  Semper,  levelman  in  charge.  The  standard  bench  marks  on  this  line  are 
stamped  with  the  letters  '* HARRISBURG''  in  addition  to  figures  of  elevation  and  the 
year  1899.  Tha  elevations  stamped  are  mostly  1  foot  too  low,  due  to  an  error  of  about  0.7 
foot  in  the  originally  accepted  elevation  at  Elmira,  and  thus  do  not  strictly  accord  with  the 
reference  maik  at  Harrisburg,  an  aluminum  tablet  stamped  ''364  HARRISBURG  1899,'' 
in  the  State  library,  the  elevation  of  which  is  accepted  as  363.988  feet  above  mean  sea  level. 

OILLETT  QUADRANGLE. 
NSW  T0RK-PINN8TLVAHIA  BOUNDABY  POST,  ALONG  NORTHERN  CENTRAL  RAILROAD  TO  TROT. 

Foot. 

Rtate  boundary  (N.  Y.-Pa.),  opposite  line  post;  top  of  raU 1, 096. 7 

Fasaett,  at  road  croflsiog  near  station;  topofrall 1,122.9 

GilieU,  in  front  of  sUtion;  top  of  rail 1,201.7 

Dunning,  in  front  of  station;  top  of  rail 1,237.6 

Snediker,  50  feet  west  of  railroad,  in  foundation  wall  of  store  and  railroad  station;  bronze 

tablet  stamped  "1286  HARRISBURG  1899" 1,265.229 

Columbia  crossroads,  in  front  of  station;  top  of  west  rail 1, 130. 7 

Columbia  crossroads,  1.8  miles  south  of,  top  of  north  wall  of  culvert  and  cattle  pass,  west  side 

of  railroad;  bronse  Ublet  stamped  "1099  HARRISBURG  1899" 1,099.855 

Troy,  road  orosoing  at  cemetery;  top  of  east  rail 1,074.6 

Troy,  in  front  of  station;  top  of  west  rail 1,136.1 

Troy,  Owi  mile  south  of  station,  north  side  of  railroad  water  tank,  in  top  of  coping  stone  of 

foundation;  brooMUblet  stamped  "1139  HARRISBURG  1899" 1,139.758 

GBOVS9  QUADBANQLE. 

CQWLET  TO  ROARING  BRANCH. 

Cowley,  main  track,  in  front  of  station;  top  of  east  rail 1,358. 5 

Cowley,  0.5  mile  south  of,  in  top  of  coping  stone  of  railroad  creek  culvert  on  east  side  of  rail- 
road; bronze  Ublet  stamped  "1358  HARRISBURG  1899" 1,358.847 

Canton,  main  track,  front  of  station;  top  of  rail 1, 255. 2 

Canton,  0.4  mile  south  of,  in  south  abutment  of  old  railroad  bridge  masonry,  20  feet  east  of 

raih-oad;  bronxeUbletsUmped  "1246  HARRISBURG  1899" 1,246.334 

Cedar  Lodge,  at  railroad  crossing  near  station;  top  of  rail 1,204. 8 

Qrover,  in  front  of  station;  top  of  rail 1,229.4 

Feobryn,  in  front  of  station;  top  of  east  rail 1,223.5 

Roaring  Branch,  600  feet  north  of  station,  east  abutment  of  steel  highway  bridge,  on  bridge 

seat;  aluminum  tablet  stamped  "966  HARRISBURG  1899" 966.236 

RoariDg  Branch,  In  front  of  Btatioli;  topofrall 950.3 
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RALSTON   QUADRANGLE. 
RALSTON  TO  MAR8HHILL. 

Feet. 
Ralston,  0.2  mile  north  of  station,  in  south  abutment,  west  side  of  railroad  bridge;  bronze 

tablet  stamped  "SSI  HARRISBURG  1899" 852.116 

Marshhill,  in  front  of  station;  top  of  west  rail 795. 9 

TROUT  RUN  QUADRANGLE. 

BODINE  TO  nEPBURNVILLE. 

Bodine,  in  front  of  station;  top  of  rail 760.5 

Fields,  0.1  mile  north  of,  in  south  abutment  east  side  of  iron  railroad  bridge;  bronze  tablet 

stamped"732  HARRISBURG  1899" 732.512 

Gray,  at  north  end  of  switch,  at  road  crossing;  top  of  west  rail 717.0 

Trout  Run,  in  front  of  station,  main  track;  top  of  rail 677. 9 

Powys,  in  front  of  station;  top  of  rail 629. 7 

Powys,  0.7  mile  south  of,  in  northwest  wing  abutment  of  small  creek  culvert;  aluminum  tab- 
let stamped  "  620  HARRISBURG  1899" 620.5M 

Ck>gan  Valley,  in  front  of  station;  top  of  rail 598. 7 

Hepbumvllle,  at  road  crossing  near  station ;  top  of  rail 582. 9 

WILUAMSPORT  QUADRANGLE. 

AT  WILLIAM  SPORT. 

William8i>ort,  general  superintendent's  oOice  building,  north  side  of  east  entrance,  on  water 

table;  chiseled  shelf  (^Pennsylvania  Railroad  trench  mark,  elevation  528.:i5) 528.50 

Williamsport,  northwest  comer  ba.sc  of  Soldiers'  monument;  chiseled  square  (Pennsylvania 

Railroad  bench  mark  No.  46,  elevation  525.04) 525. 19 

Williamsport,  city  hall,  in  front  face  near  main  entrance;  aluminum  tablet  stamped  "528 

HARRISBURG  1899" 528.266 

WARREN  COUNTY. 
KIliZUA,  WABBEN,  AND  YOl  NGSTILLK  (^IIAI>EAN»LE8. 

The  elevations  in  tlie  following  list  are  the  Pennsylvania  portion  of  the  result  of  two  inde- 
pendent lines  of  precise  leveling  run  in  opposite  directions  between  Salamanca,  N.  Y.,  and 
Irvineton,  Pa.  A  largo  probable  error  ocmsioned  the  second  running,  with  a  result,  how- 
ever, checking  to  0.043  foot  the  original  figures.  The  final  mean  results  of  tliis  line  were 
included  as  a  factor  in  the  1903  adjustment  of  the  precise-level  net.  The  result  of  this  was 
to  increase  the  elevation  at  Irvineton,  Pa.,  by  this  line  0.128  foot  with  respect  to  Salamanca; 
therefore,  there  has  been  distributed  a  correction  of  0.128  foot  in  a  total  distance  of  48.8 
miles  in  amounts  proportional  to  the  mileage.  Both  lines  were  run  by  the  same  methods 
and  similar  party  outfits  as  in  previous  work,  each  being  a  double-rodded,  simultaneous, 
direct  and  reverse  read  line,' employing  special  10-foot  double-faced  targeted  rods.  The 
total  divergence  in  the  1902  line  was  but  0.011  foot  and  the  total  correction  0.085  foot. 

The  leveling  of  1899  was  done  by  Mr.  E.  L.  McNair,  topographer,  and  that  of  1902  by  Mr. 
D.  H.  Baldwin,  topographer.  Tlie  standard  bench  marks  are  referred  to  the  Dunkirk 
datum  and  stamped  with  the  letters  "  DUNKIRK ''  in  addition  to  the  figures  of  elevation 
and  year  1899. 

KINZUA   QUADRANGLE. 
COBTDON,  ALONG  PENNSYLVAJHA  RAILROAD,  TO  TUTTLETOWN. 

Feet. 
Corydon,  0.33  mile  north  of  station,  at  southeast  comer  of  steel  bridge  over  Willow  Creek,  on 

foundation  coping  stone;  aluminum  tablet  stamped  "  1281  DUNKIRK  1899 " 1, 281. 805 

Corydon,  in  front  of  station;  top  of  north  rail 1, 281. 2 

Corydon,  2.04  miles  south  of,  southeast  comer  of  Bridge  No.  758,  on  foundation  coping  stone; 

chiseled  square 1, 271. 25 

Oawanga,  in  front  of  station;  top  of  rail 1, 267. 1 

Sugar  Rim,  1.4  miles  south  of,  southwest  comer  of  Bridge  No.  114,  on  foundation  coping  stone; 

aluminum  tablet  stamped  *' 1253  DUNKIRK  1899" 1,264.403 

Sugar  Bun,  in  front  of  station;  top  of  south  raU 1,244.9 
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Feet. 
Sugar  Run,  0.13  mile  south  of  station,  southwest  corner  of  Bridge  No.  113,  on  parapet  coping 

stone;  chiseled  square 1, 24.').  2 ) 

Kinzua,  in  front  of  station;  top  of  south  rail 1, 237. 1 

Kinzua,  500  feet  south  of  station,  at  northwest  comer  of  stoel-truss  bridge  across  Kinzua 

Creek,  2.5  feet  west  of  chord,  on  foundation  coping  stone;  aluminum  tablet  stamped  "  1229 

DUNKIRK  1899" 1,2.J0.2:;6 

Tuttletown,  400  feet  south  of,  at  northeast  comer  of  four-span  bridge  over  Allegheny  River,  on 

parapet  coping  stone;  chiseled  square 1, 232. 1 

WARREN   QUADRANGLE. 
GREAT  BEND  TO  IRVINETON. 

Great  Bend,  at  flag  crossing;  top  of  south  rail 1, 222, 7 

Great  Bend,  0.80  mile  southwest  of ,  northeast  comer  of  Bridge  No.  644,  on  foundation  stone; 

chiseled  square 1, 221. 2 

Hemlock,  at  flag  crossing;  top  of  rail 1, 208. 4 

Hemlock.  0.2  mile  southwest  of,  at  northwest  comer  of  steel-girder  Bridge  No.  110,  5  inches 
Irom  bed  plate,  on  foundation  coping  stone;  aluminum  tablet  stamped  "  1205  DUNKIRK 

1899" 1,205.768 

Glade,  in  front  of  station;  top  of  southeast  rail 1, 199. 2 

Struthers,  in  front  of  station;  top  of  north  rail 1, 191. 9 

Warren,  300  feet  south  of  station,  at  northwest  comer  of  double-track  steel-tmss  Bridge  No.  54 
over  Allegheny  River,  on  coping  of  parapet  wall;  aluminum  tablet  stamped  "1193  DUN- 
KIRK 1899" I,ia3.48.5 

Warren,  at  station,  Pennsylvania  Railroad  bench  mark  No.  a3,  in  doorsill  of  waiting  room; 

copper  plug 1, 194. 813 

Starbrick  crossing;  top  of  south  rail 1, 189. 5 

Jackson  crossing,  650  feet  east  of,  Pennsylvania  Railroad  bench  mark  No.  37,  southwest  comer 

of  Bridge  No.  53,  coping  stone;  copper  plug 1, 180. 778 

Jackson  crossing;  top  of  south  rail 1, 181. 5 

Irvineton,  1.48  miles  east  of,  Pennsylvania  Railroad  bench  mark  No.  38,  southwest  comer  of 
small  girder  Bridge  No.  52,  top  of  second  step  from  top  of  wing  wall;  copper  plug 1, 166. 172 

YOUNQ8Vn.LE  QUADRANQLE. 
NEAR  IRVINETON. 

Irvineton,  0.75  mUe  east  of,  Pennsylvania  Railroad  bench  mark  No.  39,  southeast  comer  of 
open  drain,  on  foundation  stone;  copper  plug 1, 168. 951 

Irvineton,  0.24  mile  east  of  station,  east  abutment  of  double-track  steel-girder  Bridge  No.  50 
across  Brokenstraw  Creek,  north  side  of  middle  girder,  on  foundation  coping  stone;  alumi- 
num tablet  stamped  "1167  DUNKIRK  1899" « 1, 167.948 

FOREST,  VENANGO,  AND  WARREN  COUNTIES. 

FRANKLIN,  OIL  CITf ,  TIDIOUTE,  TIONESTA,  AND  ¥0CN»8TILLK  QUADRANOLES. 

The  elevations  in  the  following  list  are  the  result  of  a  line  of  precise  levels  run  from 
Irvineton  to  Franklin.  The  latest  adjustment  of  the  precise-level  net  in  which  this  line 
was  a  factor  has  resulted  in  raising  the  original  values  of  the  line  0.083  foot  at  Franklin 
with  respect  to  Irvineton,  distributing  tliis  amount  over  the  total  distance  of  57.9  miles. 

The  method  of  leveling  and  party  outfit  was  similar  to  that  previously  used.  The  level- 
ing was  done  in  1899  by  E.  L.  McNair,  topographer.  The  standard  bench  marks  are 
referred  to  the  Dunkirk,  N.  Y.,  datum  and  arc  stamped  with  the  letters  ** DUNKIRK'*  in 
addition  to  figures  of  elevation  wliich  are  mostly  1  foot  low. 

YOirSOSVILLE   QUADRANGLE. 
IRVIXETON  TO  THOMPSON. 

Fcot. 

Irvineton,  0.24  mile  east  of  station,  east  abutment  of  douljle-track  steel-girder  Bridge  No.  50 
across  Brokenstraw  Creek,  north  side  of  middle  girder,  on  foundation  coping  stone;  alumi- 
num tablet  stamped '  *  IIG7  D UNK 1 RK  1899 " 1, 167. 1M8 

Thompson,  0.12  mile  northeast  of  Western  New  Y'ork  and  Pennsylvania  station,  at  east  end 
of  south  abutment  of  small  girder  Bridge  No.  s.jA,  on  coping  stone;  aluminum  tablet  stamped 
*  •  1135  DUNKIRK  1899 " 1, 136. 118 

Thompson,  in  front  of  station;  top  of  west  rail 1, 139. 8 
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TIDIOUTE   QUADRANGLE. 
COBHAM  TO  JAinSON. 

Feet. 

Cobh&m,  in  front  of  flag  station ;  top  of  east  rail 1, 131. 4 

Tldiouto,  in  front  of  Pennsylvania  Railroad  station ;  top  of  north  rail 1, 110. 6 

Tidioutc,  100  feet  east  of  station,  270  feet  south  of  center  of  track  at  north  end  of  suspension 
bridge  across  All^^eny  River,  on  face  of  west  cable  anchor;  aluminumi  tablet  stamped 

"1116  DUNKIRK  1899" 1,116.93$ 

Tninkeyville,  in  front  of  flag  station;  top  of  oast  rail .". . .  1,096.0 

Tninkeyville,  350  feet  south  of  flag  post,  4,5  feet  west  of  center  of  main  track,  4.5  feet  south  from 

large  chestnut  tree,  in  large  bowlder;  aluminum  tablet  stamped  *  *  1008  DUNKIRK  1899  ". .  1,008.617 
Hickory,  0.2  mile  north  of,  at  northeast  comer  of  steel  truss  combination  railroad  and  highway 
bridge  across  Allegheny  River,  on  foundation  wall;  aluminum  tablet  stamped '  *  1086  DUN- 
KIRK 1899" 1,066.578 

Hickory,  in  front  of  station;  top  of  west  rail 1,088. 6 

Dawson,  in  front  of  station ;  top  of  east  rail 1, 073. 0 

Jamison,  in  front  of  flag  station;  top  of  east  rail 1,070. 6 

TIONESTA   QCADRANOLE. 

Tionesta,  180  feet  north  of  station,  70  feet  east  of  main  track,  at  southwest  comer  of  highway 
bridge  across  Allegheny  River,  on  coping  stone;  aluminum  tablet  stamped  "1063  DUN- 
KIRK 1899" 1,064.289 

Tionesta,  in  front  of  station,  main  track;  top  of  eastraU 1,057.5 

OIL  CITY   QUADRANGLE. 

UUNTER  TO  SEDGWICK. 

Hunter,  near  flag  station,  at  road  crossing;  top  of  west  rail 1,058. 7 

Baum,  in  front  of  flag  station;  top  of  east  rail 1, 043. 9 

President  0.3  mile  north  of  flag  station,  17.5  feet  east  of  center  of  track,  2.4  feet  l>elow  top  of 
rail,  top  of  large  bowlder  5  feet  high  and  12  feet  long;  aluminum  tablet  stamped  *  *  1042  DUN- 
KIRK 1899" 1,042.6J6 

I*resident,  in  front  of  flag  station;  top  of  cast  rail 1,044.8 

Eagle  Rock,  in  front  of  station:  top  of  east  rail 1,043. 0 

Riverview,  in  front  of  flag  station;  top  of  south  rail 1,035.9 

Oleopolis,  0.3  mile  northeast  of  flag  station,  at  northwest  comer  of  one-span  steel-truss  Bridge 
No.  74,  13  feet  north  of  center  of  track,  on  coping  stone  of  abutment  wall;  ahiminum  tablet 

stamped "1030  DUNKIRK  1899" 1,031.339 

Oleopolis,  in  front  of  flag  station;  top  of  south  rail 1, 208. 1 

Walnut,  in  front  of  flag  station;  top  of  east  rail 1,020.6 

Rockwood,  in  front  of  flag  station;  top  of  west  rail 1,013.4 

Sneily,  in  front  of  flag  station;  top  of  east  rail —  1,006.6 

South  Oil  City,  0.4  mile  east  of  railroad  station,  bridge  seat  at  northeast  comer  of  largo 
three-span  steel-truss  bridge  across  Allegheny  River,  7  feet  north  of  center  of  track,  5.1 
feet  below  top  of  roil  and  6  Inches  from  end  of  chord;  aluminum  tablet  stamped  "1009 

PITTSBURG  1899" 1,009.664 

South  Oil  City,  in  front  of  railroad  station;  top  of  north  rail 1,006.0 

Sedgwick,  in  front  of  flag  station;  top  of  east  rail 999. 8 

FRANKLIN   QUADRANGLE. 

Prentice,  in  front  of  flag  station;  top  of  west  rail 990. 5 

Franklin,  60  feet  north  of  north  end  of  station,  90  feet  west  of  center  of  track,  east  abutment 
of  highway  bridge  across  Allegheny  River,  second  step  below  coping  stone  at  end  of  south 
wing  waU,  3.4  feet  above  top  of  rail;  aluminum  teblet  stamped  "987  PITTSBURG  1899  " .      987. 777 
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ALLEGHENY,  ARMSTRONG,  CLARION,  CRAWFORD,  ERIE,  MERCER, 
AND  VENANGO  COUNTIES. 

CAHBBIDCIE  SPRINGS,  ERIE,  FOXRURG,  FRiNKLIK,  FREEPORT,  KITTANiaNG,  HcKEESPORT, 
MEADTILLE,  RURAL TALLET,  SHARPSRURG,  STONERORO,  AND  UNION  CITT  QUADRANGLES. 

The  eleyations  in  the  following  list  result  from  a  line  of  precise  levels  extending  from 
Erie  to  Pittsburg,  Pa.  The  initial  bench  mark  is  an  aluminum  tablet  stamped  *'  635  ERIE  " 
in  the  water  table  of  the  northwest  comer  of  the  hospital  wing  of  the  Soldiers'  Home,  Erie, 
the  elevation  of  which  was  previously  determined  by  primary  levels  to  be  58.588  feet  above 
a  bench  mark  of  the  army  engineers,  described  as  a  "chisel  mark,''  at  southwest  comer  of 
foundation  of  the  light-house  keeper's  dwelling.  The  line  extends  south  over  the  Pennsyl- 
vania Railroad  to  Leboeuf ,  thence  over  the  Erie  Railroad  to  Franklin  and  from  Franklin  to 
Pittsburg  over  the  Allegheny  Valley  branch  of  the  Pennsylvania  Railroad.  This  line  was 
included  in  the  1903  adjustment  of  the  precise-level  net,  and  as  a  result  of  that  adjustment 
the  elevations  of  the  original  lii^  with  respect  to  Erie  have  been  lowered  0.204  foot  at 
Leboeuf,  0.499  foot  at  Franklin,  0.862  foot  at  West  Penn  Junction  (Lucesco  post-office), 
and  Pittsburg.  The  corresponding  distances  from  Erie  are,  respectively,  22.4, 76.3, 169.7, 
and  198.7  miles.  Between  West  Penn  Junction  and  Pittsburg  no  error  was  distributed, 
because  of  a  satisfactory  check  by  Pennsylvania  Railroad  levels  and  to  simplify  the  adjust- 
ment. The  leveling  was  done  in  1899  by  Mr.  C.  H.  Semper,  levelman,  except  the  portion 
Franklin  to  Emlenton,  which  was  done  by  Mr.  E.  L.  McNair,  topographer.  Standard  bench 
marks  are  stamped  ''PITTSBURG"  in  addition  to  the  figures  of  elevation  and  the  year 
1899. 

ERIE  QUAPBANOLE. 
XBZB,  ALONG  PENNSYLVANIA  RAILROAD,  TO  SAMSON. 

Feet. 
Erie  Harbor,  army  engineers'  bench  mark,  southwest  comer  of  foundation  of  light-house  keep- 
er's dwelling;  chisel  mark 577. 501 

Erie.  northwMt  comer  of  hospital  wing  of  Soldiers  Home,  in  water  table;  aluminum  tablet 

stamped  * '  636  ERIE  " 636. 179 

Erie,  at  junction  of  Pennsylvania  and  Lake  Shore  railroads;  top  of  fotmdation  of  water  tank, 

marked  "685" 685.01 

BeUe  VaUey,  in  front  of  station;  top  of  raU 1, 015. 5 

Belle  Valley,  1.1  miles  south  of,  overhead  highway  bridge,  in  north  end  of  east  side  of  foimda- 

tionof  bent;  aluminum  tablet  stamped  "1103  PITTSBURO  1899" 1,103.430 

Langdon,  raihx>ad  crosshig  at  station,  main  traek;  top  of  rail 1,134.8 

Jackson,  in  front  of  station,  main  track;  top  of  rail 1, 229.4 

Samson,  0.8  mile  south  of,  north  end,  oast  side  of  railroad  bridge  No.  8,  in  top  of  arch  masonry; 

aluminum  tablet  stamped  "1214  PITTS  BURG  1899  " 1, 215. 286 

Samson,  0.8  mile  south  of.  Bridge  No.  8;  copper  bolt  (Pennsylvania  Railroad  bench  mark  No. 
85) 1,212.035 

UNION   CITY  QUADRANGLE. 
SAMSON  TO  MILLERS  STATION. 

Samson,  4.3  miles  south  of,  on  Bridge  No.  14;  Pennsylvania  Railroad  bench  mark  No.  82 1, 191.014 

Waterford,  in  front  of  station;  top  of  rail 1, 192.3 

Leboeuf,  1.5  miles  west  of,  on  New  York,  Pennsylvania  and  Ohio  (Erie)  Railroad,  in  culvert 
masonry  on  northwest  side  of  railroad;  aluminum  tablet  stamped  "1193  PITTSBURG 

1899" 1,194.210 

Mill  Village,  in  front  of  station;  top  of  rail 1,214.3 

MiUers,  in  front  of  station,  main  track;  top  of  rail 1, 169. 8 

Millers,  0.9  mile  southwest  of,  in  top  of  southwest  end  of  bridge  abutment;  aluminimi  tablet 
stamped"1148  PITTSBURG  1899" 1,148.237 

CAMBRIDGE   SPRINGS  QUADRANGLE. 

Cambridge  Springs,  in  front  of  station ;  top  of  rail 1, 161. 6 

Venango,  in  front  of  station;  top  of  rail 1, 161. 1 

Venango,  0.8  mile  southwest  of,  in  southeast  end  of  bridge  abutment;  bronze  tablet  stamped 

••ij»piTTSBuaaia99" 1,128.717 
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MEADVILLE  QUADRANGLE. 
SAEQERSTOWN,  ALONG  ERIE  RAILROAD,  TO  COCHRANTON. 

Feet. 

Saegerstown,  in  front  of  station;  top  of  rail 1,  IH. 0 

Saegerstown,  0.7  mile  south  of,  in  north  abutment,  east  side  of  railroad  bridge;  bronze  tablet 

stamped '  *  1109  PITTSBURG  1899 "  (reported  as  having  been  removed) 1, 109. 23fl 

Meadville,  in  front  of  station;  top  of  rail 1, 078. 6 

Meadville.  1.8  miles  south  of,  north  end  of  culvert  abutment  west  side  of  railroad;  bronze  tablet 

stamped  "1071  PITTSBURCr  1899" 1,072.114 

nuchanan,  in  front  of  station;  top  of  rail 1, 073. 3 

Shawai  in  front  of  station:  top  of  east  rail 1, 090. 5 

Cochran  ton,  1,000  feet  northwest  of,  in  abutment  of  railroad  iron  bridge,  north  end,  east  side; 

bronze  tablet  stamped  * '  1062  PITTSBURG  1899 " 1,062. 391 

Cochranton,  in  front  of  station;  top  of  rail 1, 062. 3 

8TONEBORO  QUADRANGLE. 

Carlton,  in  front  of  station;  topof  west  rail .f 1,045.3 

FRANKLIN  QUADRANGLE. 

UTICA,  ALONG  ERIE  RAILROAD,  TO  FRANKLIN. 

Utica,  in  front  of  station;  top  of  rail 1, 033. 6 

Utica,  300  feet  south  of  station,  in  east  abutment,  north  side  of  higliway  bildgc;  bronze  tablet 

stamped  * '  1038  PITTSB  U RG  1899  " 1, 038. 323 

Takitezy,  at  railroad  crossing  by  station;  top  of  rail 1,017.8 

Sugar  Creek,  1,200  feet  southeast  of.  in  northeast  end  of  abutment  of  railroad  bridge;    bronze 

tablet  stamped ' '  1013  PITTSB U RG  1899  " 1, 013. 628 

Franklin,  in  northeast  comer  of  belt  course  of  Erie  Station;  aluminum  tablet  stamped 'M)89 

PITTSBURG  1899" 989.349 

FRANKLIN,  ALONG  PENNSYLVANIA  RAILROAD,  TO  BRANDON. 

Franklin,  Pennsylvania  Railroad  station,  90  feet  west  of  center  of  track,  at  point  60  feet  north 
of  north  end  of  station,  in  second  stop  below  coping-stone  at  end  of  south  wing  waW  ot  east 
abutment  of  road  bridge  across  Allegheny  River;  aluminum  tablet  stamped  "987  PITTS- 
BURG 1899" 987.777 

Franklin,  in  front  of  Pennsylvania  Railroad  station;  top  of  west  rail 984. 3 

Cochran,  in  front  of  station;  top  of  south  rail 978. 1 

Astral  flag  station;  top  of  rail 973. 8 

East  Sandy,  650  feet  north  of  station;  coping  stone  of  abutment  at  southwest  comer  of  2-span 
steel-truss  bridge  across  Sandy  Creek,  1.2  feet  below  top  rail  10.5  feet  west  of  centcrof  track; 

bronze  tablet  stamped  "970  PITTSBURG  1899" 970.905 

East  Sandy,  in  front  of  station;  top  of  east  rail 970. 5 

Foster,  in  front  of  flag  station;  top  of  north  rail 965. 3 

Brandon,  in  front  of  station;  top  of  south  rail 957. 5 

Brandon,  1 .3  miles  south  of  station,  face  of  rock  ledge  20  feet  southeast  of  center  of  track,  3  feet 
above  top  of  rail,  1,100  feet  south  of  milepost  112;  bronze  tablet  stamped  * '  957  PITTSB  URG 
1899" 957.715 

FOXBURO  QUADRANGLE. 

KENNERDELL,  ALONG  PENNSYLVANLi  RAILROAD,  TO  CATFISH  RUN. 

Kennerdell,  in  front  of  station;  top  of  west  rail 944 .  o 

Kennerdell,  1.5  miles  south  of  station;  300  feet  west  of  milepost  106,  large  bowlder  10  feet  north 

of  center  of  track.  2.4  feet  above  rail;  bronze  tablet  stamped  "941  PITTSBURG  1899  "...      942.  c7a 
St.  George,  0.3  mile  south  of,  150  feet  south  of  whistling  post,  in  rock  on  west  side  of  rail;  bronze 

teblet  stamped '  '925  PITTSBURG  1899" 926. 181 

Rockland,  0.1  mile  south  of,  in  northwest  wing  of  abutment  of  bridge  over  small  creek,  600  feet 

south  of  station  on  west  side  of  railroad;  bronze  tablet  stamped '  * 919  PITTSBURG  1899  ".      920. 792 

Wood  Hill,  in  front  of  station  sign:  top  of  west  rail 917.4 

Shlppingport  crossing;  top  of  east  rail  of  middle  crossing 913. 1 

Dotter,  600  feet  north  of,  in  north  abutment  of  west  wing  of  railroad  bridge;  bronze  tablet 

stamped"905  PITTSBURG  1899" ^.      906.126 

Dotter,  in  front  of  station;  top  of  east  rail 910. 9 

Emlenton,  0.4  mile  south  of,  in  wing  wall  of  railroad  bridge  abutment,  south  end,  west  side; 

bronze  tablet  stamped "888  PITTSBURG  1899" 899.070 
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Feet. 

Emlenton,  at  road  crossing  at  station;  top  of  south  rail 901.2 

Foxburg,  in  front  of  station;  top  of  east  rail 891. 9 

Parker,  in  top  of  abutment  of  road  bridge  at  station,  east  abutment,  south  side;  bronze  tablet 

stamped -883  PITTSBURG  1899" 884.014 

Monterey,  in  front  of  station ;  top  of  south  rail 870. 8 

Monterey,  900  feet  south  of  station,  in  bridge  abutment,  north  end,  east  side;  bronze  tablet 

stamped  "809  PITTSBURG  1899" 870.043 

Upper  Uillville,  in  front  of  station;  top  of  south  rail 863. 7 

Lower  Hill ville,  in  front  of  station;  top  of  west  rail 880.6 

Lower  Hillville,  1  mile  south  of,  in  top  of  culvert  wall  of  small  stream,  northeast  side;  bronze 

tablet  stamped  "855  PITTSBURG  1899" 856.387 

Catfish  Run,  in  front  of  station;  top  of  east  rail 854. 7 

KITTANNINQ  QUADRANGLE. 
KAST  BRADY,  ALONG  PENNSYLVANIA  RAILROAD,  TO  RIVERVIEW. 

East  Brady,  in  east  abutment  wing  wall  of  steel  highway  bridge;  bronze  tabiet  stamped  "852 

PITTSBURG  1809" 852.645 

Redbank,  in  front  of  station;  top  of  west  rail 846. 2 

Redbank,  600  feet  south  of  station;  hi  north  abutment  of  railroad  bridge,  west  side  of  abut- 
ment; bronze  tablet  stamped  "844  PITTSBURG  1899" 844.746 

Riverview,  in  front  of  station;  top  of  rail 835. 4 

NEALE,  ALONQ  PENNSYLVANLL  RAILROAD,  TO  ROSSTON. 

Neale,  on  last  crossing  south  of  station;  top  of  west  rail 805. 3 

Wick  City,  crossing  at  pottery  works;  top  of  west  rail 805. 3 

Kittanning,  in  front  of  station;  top  of  east  rail 806. 4    ' 

Kittanning,  on  comer  of  McKaln  and  Vine  streets,  public  school,  northwest  comer  of  front 

face;  bronze  tablet  stamped  " 808  PITTSBURG  1899" 803.500 

Garrett  Run,  in  front  of  station;  top  of  west  rail 796.1 

ManorviUe,  in  front  of  station;  top  of  east  rail 796. 0 

Graff,  in  front  of  station;  top  of  west  rail 790. 4 

Ford  City,  in  front  of  station;  top  of  east  rail 784. 8 

Rosston,  in  front  of  station ;  top  of  west  rail 786. 6 

BURAL  VALLEY  QUADRANGLE. 
BIMXB,  ALONG  PENNSTLVANLk  RAILROAD,  TO  COWANSHANKOCK. 

Rimer,  2  mUes  south  of,  in  north  abutment,  west  side  of  iron  bridge;  bronze  tablet  stamx>ed 

"820  PITTSBURG  1899" 820.810 

Mahoning,  in  front  of  station;  top  of  east  rail 818. 8 

Templeton,  in  front  of  station;  top  of  west  rail 819. 1 

Mosgrove,  in  north  abutment,  east  end  of  railroad  bridge,  900  feet  north  of  Htation;  bronze  tab- 
let stamped  **  806  PITTSBURG  1899" 807.227 

Cowan Bhannock,  in  front  of  station ;  top  of  cast  rail 805. 4 

FREEPORT  QUADRANGLE. 
LOOANSPORT,  ALONG  PENNSYLVANIA  RAILROAD,  TO  VALLEY  CAMP. 

Logansport,  in  front  of  station;  top  of  west  rail 781. 7 

Rosston,  0. 2  mile  south  of,  in  east  abutment  of  bridge  over  river;  bronze  tablet  stamped  "  786 

PITTSBURG  1899" ' 785.855 

Kelley,  in  front  of  station ;  top  of  west  rail 778. 3 

White  Rock,  in  front  of  station,  main  track;  top  of  east  rail 780. 6 

Donley,  in  front  of  station;  top  of  south  rail 782. 2 

West  Penn  Junction,  in  foundation  of  tum table  of  Pennsylvania  Railroad,  Permsylvania 

Railroad  bench  mark  No.  26;  copper  bolt  stamped  "788.85" 788.55^ 

West  Penn  Junction,  in  foundation  wall  of  tum  table  of  Pennsylvania  Railroad;  bronze  tablet 

stamped  "788  PITTSBURG  1899" 788.573 

Garvers  Ferry,  in  front  of  station;  top  of  west  rail 783.7 

McKain,  in  front  of  station;  topofwestrail 776.6 

Metcalf,  in  front  of  station;  top  of  west  rail 773. 5 

Braebum,  in  front  of  station;  top  of  west  rail 7.'>9. 7 

Edgeclifl,  1,000  feet  south  of,  in  north  abutment  east  side  of  bridge  over  creek;  bronze  tablet 

stemped  "764  PITTSBURG  1899" 703.478 

Crag  Dell,  in  front  of  station;  top  of  west  rail 776.  z 

Valley  Camp,  in  front  of  station,  main  track;  top  of  west  rail 787.1 
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SHARPSBUBO  QUADRANGLE. 
ARNOLD.  ALONG  PENNSTLYANL4  RAILROAD,  TO  STLYAN. 

Feet. 

Arnold,  in  front  of  station,  main  track;  topof  west  rail 786.0 

New  Kensington,  in  front  of  station;  top  of  west  rail. 775.0 

Parnassus,  in  front  of  station;  top  of  west  raii 768. 0 

Logans  Ferry,  in  front  of  station,  north-bound  track;  top  of  east  rail 755. 7 

Barking,  in  front  of  station,  south-bound  track;  top  of  east  rail 750.0 

Blacks  Rim,  300  feet  south  of  Bessemer  steel  railroad  bridge  over  Allegheny  River,  in  face  of 
stone  milepost  marked  'P  13,  O.  C.  119-5/10'*;  bronze  tablet  stamped  "770  PITTSBURG 

1899."   (Reported  as  having  been  removed,  though  shank  still  remains) 771. 194 

Hulton,  in  front  of  station;  top  of  east  rail 776.6 

Oakmont,  in  front  of  station ;  top  of  west  rail 763.6 

Edgewater,  in  front  of  station ;  top  of  west  rail 753. 6 

Verona,  in  front  of  station ;  top  of  west  rail 744. 8 

Sylvan,  in  front  of  station ;  top  of  west  rail 744. 1 

m'keesport  quadbanoi^. 

8andt  creek,  along  pennsylvania  railroad,  to  pittsburg. 

Sandy  Creek,  infront  of  station;  top  of  west  rail 744.8 

Wildwood,  in  front  of  station ;  top  of  west  rail 745. 7 

Wildwood,  doorsill  of  west  door  Pennsylvania  Water  Company  house;  copper  bolt 748. 829 

BriUiant,  in  front  of  station;  top  of  north  rail 746.5 

Brilliant,  0. 3  mile  south  of ,  in  wall  of  small  culvert  south  side  of  railroad;  bronze  tablet 

stamped  "745  PITTSBURG  1899" 745.354 

'  Momingside,  in  front  of  station ;  top  of  north  rail 745. 8 

Pittsburg,  in  front  of  Butler  Street  station ;  top  of  west  rail 742.9 

Pittsburg,  in  front  of  Forty-third  Street  station;  top  of  west  rail 730.5 

Pittsburg,  south  side  of  Allegheny  avenue,  15  feet  west  of  Allegheny  Valley  Railway;  top  of 

curbstone,  stamped  "  B.  M. " 738. 621 

Pittsburg,  Liberty  street,  south  side  foundation  of  Washington  Street  footbridge;  copper  bolt 

(Pennsylvania  Railroad  bench  mark) ! 743. 762 

Pittsburg,  in  foundation  of  Seventh  Avenue  Hotel,  north  side,  at  mafai  entrance;  aluminum 

tablet  stamped  "738  PITTSBURG  1899" 738.383 

WASHINGTON  AND  WESTMORELAND  COUNTIES. 
BROWNSVILLE,  XASONTOWN,  HcKEESPOKT,  HOBOANTOWN,  AND  VNIONTOWN  ({I  ADRANtiLES. 

The  elevations  in  the  following  ILst  result  from  the  Pennsylvania  portion  of  a  line  of  pre- 
cise levels  run  between  Pittsburg,  Pa.,  and  Grafton,  W.  Va.  The  line  as  run  started  from 
bench  mark  "M**  at  Grafton,  W.  Va.,  on  the  transcontinental  precise-level  lino  of  the  Coast 
and  Geodetic  Survey,  a  chisel  mark  on  the  coping  stone  at  north  end  of  central  pier  of 
railroad  bridge  over  Tygart  River,  and  followed  the  Baltimore  and  Ohio  Railroad  to  Leith, 
near  Uniontown,  Pa.,  thence  over  the  Pennsylvania  Railroad  to  Pittsburg.  This  line  was 
included  in  the  1903  adjustment  of  the  precise-level  net,  and  as  a  result  of  that  adjustment 
the  elevation  by  the  original  line  at  Braddock  with  rcsi)ect  to  Grafton  has  been  lowered 
0.112  foot  in  a  distance  of  142.5  miles.  Between  Braddock  and  Pittsburg  no  error  was  dis- 
tributed because  of  a  satisfactory  check  by  Pennsylvania  Railroad  levels  and  to  simplify  ad- 
justment. The  levehng  was  done  in  1899  by  Mr.  E.  L.  McNair,  topographer.  Standard 
bench  marks  are  stamped  "PITTSBURG"  in  addition  to  the  figures  of  elevation  and.  of 
the  year  1899. 

m'keesport  quadrangle. 

pittsburg,  along  pennsylvania  railroad,  to  elben. 

Feet. 

Pittsburg,  in  front  of  Twenty-eighth  Street  station ;  top  of  south  rail -      755. 6 

Benvenue,  0.25  mile  west  of  station,  bridge  scat  at  soutli  end  of  we«t  abutment  of  girder  bridge 
over  Pittsburg  Junction  Railway  tracks;  bronze  tablet  stami)ed  "818  PITTSBURG  1899'.      818. 184 

East  Liberty,  in  front  of  station;  top  of  west  rail 913. 7 

Fifth  avenue,  in  front  of  station ;  top  of  west  rail 919. 9 
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Feet. 

Homewood,  in  front  of  station ;  top  of  west  rail 922. 2 

Homewood,  in  dooraUl  of  station;  copper  bolt  (Pennsylvania  Railroad  bench  mark) 923.367 

Wilkinsburg,  in  front  of  station ;  top  of  west  rail 922.0 

Edgewood,  in  front  of  station;  top  of  west  rail 922. 1 

Swissvale,  in  front  of  station;  top  of  west  rail  of  west  track 921. 7 

Hawkins,  in  front  of  station ;  top  of  rail 881. 1 

Braddock  station,  in  doorsill  of  door  to  ladies'  waiting  room;  copper  bolt  (Pennsylvania 

Railroad  benchmark) 828.737 

Bessemer  station,  Pennsylvania  Railroad,  about  1  mile  east  of,  east  end  of  north  abutment 
of  double-track  bridge  of  Union  Railway  over  main  line  of  Pennsylvania  Railroad,  in  face 

of  abutment;  bronze  tablet  stamped  "760  PITTSBURG  1899" 759.492 

Thompson,  0.33  mile  south  of  flag  station,  at  south  end  of  west  abutment  of  Port  Perry  Rail- 
road bridge  across  Monongahela  River;  eopper  bolt  (Pennsylvania  Railroad  bench  mark 

No.  13) 763.860 

Thompson,  135  feet  south  of  flag  station,  at  signal  tower,  25  feet  west  of  south-bound  track, 
4  feet  above  top  of  rail,  north  wing  wall  of  west  abutment  of  double-track  truss  bridge  of 
Union  Railway  crossing  over  tracks  of  Pennsylvania  Railroad;  bronze  tablet  stamped  "  767 

PITTSBURG  1899" 766.881 

Thompson,  in  front  of  flag  station,  south-bound  track ;  top  of  west  rail 762. 9 

Cochran  (Duquesne  post-office),  In  front  of  station,  south-bound  track;  top  of  east  rail 761. 1 

Dravosburg,  in  front  of  station,  south-bound  track;  top  of  west  rail 746. 7 

Camden,  in  front  of  station,  north-bound  track;  top  of  east  rail 753.7 

Coal  Valley,  county  bridge  over  creek;  chiseled  square  on  coping  stone  of  wall  (Pennsylvania 

Railroad  bench  mark  No.  19,  elevation  736.60) 736.303 

Coal  Valley,  in  front  of  station,  south-bound  track ;  top  of  west  rail 754-  2 

Wilson,  in  front  of  station,  south-bound  track;  top  of  west  rail 756.5 

Peters  Creek,  in  front  of  flag  station,  south-bound  track;  top  of  east  rail 752.5 

Peters  Creek,  0.25  mile  south  of  flag  station,  2-span  stone  arch  culvert,  first  step  below  coping 
stone  at  southeast  comer,  12  feet  below  top  of  rail;  bronze  tablet  stamped  "740  PITTS- 
BURG 1899" 739.446 

Blair,  in  front  of  flag  station,  north-bound  track;  top  of  east  rail 757.6 

Central  Park,  north-bound  track  at  road  crossing;  top  of  west  rail 754.9 

East  Elizabeth,  in  front  of  station,  north-bound  track ;  top  of  west  rail 750. 1 

West  Elizabeth,  in  front  of  station,  north-bound  track;  top  of  east  rail 746. 4 

Jones  flag  station,  north-bound  track;  top  of  east  rail 754.3 

Walton  flag  station,  south-bound  track;  top  of  east  rail 756.4 

Elben,  in  front  of  station,  north-bound  track;  top  of  west  rail 751.6 

BROWNSVILLE   QUADRANGLE. 
ELBEN,  ALONG  PENNSYLVANIA  RAILROAD,  TO  TIPPECANOE. 

ShiPB  Oaks,  ia  front  of  station,  north-bound  track;  top  of  west  rail 750. 1 

Coal  BlulT,  in  front  of  station,  south-bound  track;  top  of  east  rail 75a 7 

Huston  Run,  in  front  of  station,  north-bound  track ;  top  of  west  fail 754. 8 

Courtney,  in  front  of  station;  top  of  east  rail 759. 1 

Riverview;  0.3  mile  north  of  flag  station,  south  end  of  large  stono-arch  culvert,  west  side  of 
track,  second  step  below  coping  stone,  2.5  feet  lx;low  top  of  raM;  bronze  tablet  stamped  "  753 

PITTSBURG  1890" 753.081 

Riverview,  in  front  of  flag  station;  top  of  east  rail 755. 3 

Monongahela  City,  in  front  of  station;  top  of  rail 753. 8 

Black  Diamond  flag  station;  top  of  west  rail 753.9 

Baird,  150  feet  south  of  flag  station,  signpost,  second  step  below  coping  stone  of  stone-arch 
culvert,  north  side  of  track,  4.8  feet  below  top  of  rail;  bronze  tablet  stamped  "  755  PITTS- 
BURG 1899" 754.954 

Baird,  in  front  of  flag  station;  top  of  east  rail 760. 0 

Webster,  in  front  of  station;  top  of  west  rail 761.1 

West  Columbia,  in  front  of  flag  station;  top  of  west  rail : 772. 9 

Bamford,  in  front  of  station;  top  of  east  rail 763. 9 

Lock  No.  4,  on  coping  near  heel  of  west  gate  at  south  end  of  west  lock,  on  circle;  chisel  mark  743. 661 

Lock  No.  4;  top  of  west  rail 764. 7 

Charleroi,  in  front  of  station;  top  of  west  rail 764. 0 

Charleroi,  0.5  mile  south  of  station,  150  feet  south  of  city  pumping  station,  coping  stone  at 
northwest  comer  of  large  stone-arch  culvert;  bronze  tablet  stamped  "760  PITTSBURG 

1899" 757.734 

Belle  Vernon,  in  front  of  station;  top  of  east  rail 767. 2 

Dunlevy,  in  front  of  flag  station;  top  of  west  rail 763. 4 

AUenport,  in  front  of  station;  top  of  west  rail 764.5 
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Peet. 

Stockdale,  In  front  of  flag  station;  top  of  east  rail 761.8 

Lucyville,  in  front  of  station;  top  of  west  rail 766.7 

Woods  Run  flag  station,  in  front  of;  top  of  west  rail 765. 0 

Woods  Rim  flag  station,  0.5  mile  south  of,  bridge  seat  at  east  end  of  north  abutment  of  open 

culvert,  25  feet  south  of  milepost  47;  bronze  tablet  stamped  "  764  PITTSBURG  1899" 765. 241 

Coal  Center,  in  front  of  station;  top  of  west  rail 768.9 

California,  in  front  of  station;  top  of  oast  rail 766. 4 

West  Brownsville  Junction,  in  front  of  station;  top  of  east  rail 778.3 

West  Brownsville  Junction,  0.25  mUe  south  of,  4-span  truss  bridge  across  Monongahela  River, 

bridge  seat  at  east  end  of  north  abutment;  bronze  tablet  stamped  "  778  PITTS  B  URO  1899  " .  777. 579 

Brazncll,  in  front  of  flag  station;  top  of  east  rail 798. 8 

Grindstone,  in  front  of  flag  station;  top  of  west  rail 825. 4 

Tippecanoe,  in  front  of  flag  station;  top  of  west  rail 859.4 

Tippecanoe,  0.5  mile  south  of  flag  station,  bridge  seat  at  southwest  comer  of  small  girder 

bridge  15  feet  long  over  roadway  at  south  end  of  truss  road  bridge  over  Redstone  Creek; 

bronze  tablet  stamped  '888  PITTSBURG  1899" 867.466 

MA80NT0WN   QUADRANGLE. 
SMOCK,  ALONG  PENNSYLVA.NIA  RAILROAD,  TO  WALTERSBTmO. 

Smock,  In  front  of  station;  top  of  east  rail 877. 7 

Rothbuck,  In  front  of  station;  top  of  west  rail 892.3 

Waltersburg,  in  front  of  flag  station;  top  of  west  rail 900.2 

FAIRCIIANCE,  ALONG   BALTIMORE  AND  OHIO  RAILROAD,  TO  CANS. 

Fairchance,  550  feet  north  of  Baltimore  and  Ohio  Railroad  station,  bridge  seat  at  comer  of 

small  girder  Bridge  No.  338;  aluminum  tablet  stamped  *  1066  PITTSBURG  1899" 1,065.184 

Fairchance,  in  front  of  station;  top  of  west  rail 1,059.8 

Smithfield,  in  front  of  station:  top  of  west  rail 985. 5 

Outcrop,  in  front  of  flag  station;  top  of  east  rail 1,067.4 

Outcrop,  0.2  mile  south  of  flag  station,  northeast  of  Baltimore  and  Ohio  tunnel,  east  of  track, 

3.7  feet  above  raU;  bronze  tablet  stamped  "1084  PITTSBURG  1899"o 1,083.840 

Summit  of  grade ;  top  of  rail 1, 089. 5 

UNIONTOWN   QUADRANGLE. 
WALTERSBTTRG,  ALONG  PENNSYLVANIA  RAILROAD,  TO  UNIONTOWN. 

Upper  Middletown  flag  station,  675  feet  north  of,  in  face  of  rock  in  place,  26  feet  east  of  center 
of  track,  4.2  feet  higher  than  top  of  rail;  bronze  tablet  stamped  " 920  PITTSBURG  1899" .      919.696 

Upper  Middletown  flag  station;  top  of  rail 913. 8 

Vance  Mill  Junction,  in  front  of  station;  top  of  east  rail 927.0 

Redstone  Junction,  in  front  of  station;  top  of  east  rail 956.1 

Uniontown,  court-house,  comer  of  Main  and  Court  streets,  foundation  wall  4  feet  above 
ground  between  Main  street  entrance  and  southwest  comer  and  building:  aluminum  tablet 
stemped  "999  PITTSBURG  1899" 998.835 

UNIONTOWN,  ALONG  BALTIMORE  AND  OlIIO  RAILROAD,  TO  FAIRCIIANCE. 

Uniontown,  in  front  of  Pennsylvania  Railroad  station:  top  of  cast  rail 980. 7 

Leith,  in  front  of  Pennsylvania  Railroad  station;  top  of  west  rail 1,005.9 

Hutchinson,  in  front  of  flag  station:  top  of  e^ist  rail 1, 106. 1 

Brownfield,  in  front  of  station:  top  of  west  rail 1, 136. 5 

Oliphant.  in  front  of  flag  station:  top  of  west  rail 1, 170. 6 

Johnston,  in  front  of  flag  station ;  top  of  west  rail 1, 098. 6 

MORGANTOWN   QUADRANGLE. 
GANS,  ALONG  BALTIMORE  AND  OHIO  RAILROAD,  TO  THE  STATE  LINE. 

Gans,  in  front  of  station;  top  of  west  rail 1,009. 5 

Atchison,  in  front  of  station:  top  of  east  rail 939. 1 

Cheat  Haven,  in  front  of  station:  top  of  west  rail 835.4 

Point  Marion,  0.25  mile  north  of  station,  coping  stone  at  east  end  of  north  pier  of  6-span  truss 
and  girder  Bridge  No.  356  across  Cheat  River;  bronr^e  tablet  stamped  "8i:i  PITTSBURG 

1899" 812.892 

Point  Marion,  in  front  of  station;  top  of  west  rail 815. 3 

Stete  line  ( W.  Va.-Pa.) ;  top  of  east  rail 815. 3 


a  Reported  as  having  been  disturbed  by  reconstruction  of  bridge;  may  bo  several  feet  lower  than  here 
given. 
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ERIE  AND  WARREN  COUNTIES. 
COBBT,  UNION  €IT¥,  AND  TOrNtiSTlLLK  Qi:ADBANtiLES. 

The  elevations  in  the  following  list  are  the  result  of  a  line  of  precise  levels  run  from 
L<eboeuf  to  Irvineton.  This  line  formed  a  factor  in  the  1903  adjustment  of  the  precise- 
level  net,  the  result  of  which  was  to  lower  the  elevation  by  the  unadjusted  lino  0.146  foot  at 
Ir\-ineton  with  respect  to  Leboeuf.  This  amount  has  therefore  been  distributed  in  this  line 
p-oportional  to  the  distance.  The  total  divergence  between  the  simultaneous,  direct  and 
reverse  lines  is  0.021  foot  in  a  total  distance  of  38.7  miles. 

The  method  of  leveling  and  party  outfit  was  similar  to  that  previously  used.  The  level- 
ing was  done  in  1902  by  Mr.  D.  H.  Baldwin,  topographer  in  charge.  The  standard  bench 
marks  are  referred  to  an  aluminum  tablet  at  Pittsburg  at  the  entrance  to  the  Seventh 
Avenue  Hotel,  stamped  "738  PITTSBURG  1899,"  the  elevation  of  which  is  accepted  as 
738.383  feet  above  mean  sea  level.  They  are  stamped  with  the  legend  "PITTSBURG 
1902"  in  addition  to  the  figures  of  elevation. 

UNION   CITY  QUADRANGLE. 

LEBOEUr,  EAST  ALONG  ERIE  RAILBOAD  TO  UNION  CITY.  THENi'E  ALONG  PITTSBURG  AND  ERIE  PAILROAD 

TO  ELGIN. 

Feet. 
Leboeuf,  1.5  miles  west  of,  north  side  of  tracks,  arch  culvert,  on  coping  stone;  aluminum  tab- 
let stamped  "1193  PITTSBURG  1899" 1  194.210 

Leboeuf,  1  mile  southwest  of,  near  railroad  crossing,  southwest  corner  of  highway  bridge,  on 

foundation  stone;  chiseled  square 1, 201.31 

Union  City,  1.60  mOes  west  of,  on  Erie  Railroad,  on  top  of  stone  milcpost  74;  chiseled  square.  1,2^.60 

Union  City,  OM  mile  west  of,  Erie  Railroad,  on  top  of  stone  milepost  73;  chiseled  square 1,284.37 

Union  City,  in  front  of  Erie  station;  top  of  north  rail 1, 299.9 

Union  City,  0.31  mile  east  of  Erie  station,  top  of  stone  milepost  72;  chiseled  square   1, 302. 92 

Union  City,  0.78*mlle  east  of  Pennsylvania  Railroad  station,  Bridge  No.  27,  northeast  comer, 

on  parapet  wall;  chiseled  square 1, 280. 13 

Union  City,  1.97  miles  east  of,  northeast  corner  of  Bridge  No.  29,  on  foundation  stone;  chiseled 

square 1,302.06 

Union  City,  2.22  miles  east  of,  east  comer  of  Bridge  No.  30,  on  foundation  wall;  copper  bolt 

(Pennsylvania  Railroad  bench  mark  No.  72) 1,307.892 

Reilly,  flag  road  crossing;  top  of  north  rail 1,346. 1 

Elgin,  1.09  miles  west  of,  northwest  comer  of  Bridge  No.  32,  on  parapet  stone;  chiseled  square 

(Pennsylvania  Railroad  bench  mark  No.  71 ) 1,369.58 

Elgin,  0.13  mile  west  of,  northeast  comer  Bridge  No.  33,  on  foundation  stone;  copper  bolt 

(Pennsylvania  Railroad  benchmark  No.  70) 1,379.496 

Elgin,  330  feet  west  of  station,  north  of  track,  store  of  D.  S.  Lyon,  southeast  corner  of  founda- 

Uonwall;  aluminum  tablet  stamped  "1382  PITTSBLTRO  1902" 1,381.794 

Elgin,  hi  front  of  station;  top  of  north  rail 1,386.4 

CORRY  QUADRANGLF-. 

LOVELL  TO  HORN. 

Lovell,  0.84  mile  west  of,  northeast  comer  of  Bridge  No.  34,  on  foundation  wall;  copper  bolt 

(Pennsylvania  Railroad  bench  mark  No.  69) 1, 366. 676 

Lovell,  in  front  of  station;  top  of  north  rail 1,374.2 

Lovell.  0.16  mile  east  of,  southwest  corner  of  Bridge  No.  37,  on  foundation  stone;  copper  bolt 

(Pennsylvania  Railroad  bench  mark  No.  68) 1 ,  372. 610 

Corry,  2.68  miles  west  of,  southeast  comer  of  Bridge  No.  38,  on  foundation  stone;  copper 

bolt  (Pennsylvania  Railroad  bench  mark  No.  67) 1, 3«2. 199 

Corry,  1.13  miles  west  of,  northwest  comer  of  Bridge  No.  40,  bottom  of  coping  stone  of  wing 

wall;  copper  bolt  (Pennsylvania  Railroad  bench  mark  No.  66) 1, 412. 769 

Corry,  in  front  of  station;  top  of  north  rail 1, 429. 1 

Corry,  0.05  mile  southwest  of  station,  northeast  corner  of  Phoeni.x  Hotel,  on  base  water  table; 

aluminum  teblet  stamped  "1432  PITTSBURG  1902" 1,432.341 

Colza,  0.34  mile  west  of,  southeast  comer  of  Bridge  No.  41,  on  top  of  foundation  wall;  copper 

bolt  (Pennsylvania  Railroad  bench  mark  No.  64) 1. 397. 528 

Colza,  in  front  of  station;  top  of  north  rail 1, 400. 7 

Roach,  in  front  of  section  house;  top  of  north  rail 1, 381. 2 

Bull.  288—06 2 
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Feet. 

Roach,  0.24  mile  cast  of,  southwest  corner  of  Bridge  No.  42  (large  steel-truss  bridge),  on  para- 
pet wall;  chiseled  square  (Pennsylvania  Railroad  bench  mark  No.  62) 1, 384. 170 

Spring  Creek,  in  front  of  station;  top  of  north  rail 1,395.5 

Spring  Creek,  100  feet  northeast  of  station,  southwest  comer  of  Donaldson  Brothers'  general 
store,  in  water  table;  aluminum  tablet  stamped  "  1406  PITTSBURG  1902" 1,405.594 

Spring  Creek,  0.26  mile  east  of,  south  side  of  track,  on  coping  stone  at  culvert;  chiseled  square 
(Pennsylvania  Railroad  bench  mark  No.  58) 1,390.04 

Spring  Creek,  0.70  mile  cast  of,  west  side  of  open  culvert,  north  side  of  track,  on  foundation 
stone;  copper  bolt  (Pennsylvania  Railroad  bench  mark  No.  57) 1, 394. 893 

Spring  Creek,  2.09  miles  north  of,  northeast  comer  of  girder  Bridge  No.  42J,  on  wing  wall; 
copper  bolt  (Pennsylvania  Railroad  bench  mark  No.  56) 1, 375. 846 

Horn,  0.17  mile  west  of,  southwest  comer  small  girder  br'dge,  on  foundation  stone;  copper 
bolt  (Pennsylvania  Railroad  bench  mark  No.  55) 1,366.593 

Horn,  flag  crossing;  top  of  north  rail 1,372.8 

TOUNG8V1LLE   QUADRANGLE. 
HORN  TO  IRVINETON. 

Horn,  1.18  miles  north  of,  south  end  of  box  culvert  on  coping  stone;  copper  bolt  (Pennsyl- 
vania Railroad  bench  mark  No.  54) 1,322.334 

Quarry,  flag  crossing;  top  of  north  rail 1, 328. 7 

Garland,  in  front  of  station,  main  track;  top  of  south  rail 1,308.8 

Garland,  1.12  miles  east  of,  southwest  comer  of  "Blue  Eye"  Bridge  over  Blue  Eye  Creek,  on 
foundation  stone;  copper  bolt  (Pennsylvania  Railroad  bench  mark  No.  51) 1, 285.041 

iPittsfleld,  1.83  miles  west  of,  at  southwest  comer  of  bridge,  oil  top  of  foundation  wall;  copper 
bolt  (Pennsylvania  Railroad  bench  mark  No.  50) 1, 264, 709 

Pittsfleld,  0.52  mile  west  of,  large  steel  through-truss  bridge  over  creek,  southeast  comer  of 
foundation  stone;  bronze  tablet  stamped  **  1244  PITTSBURG  1902" 1,244.249 

Pittsfleld,  in  front  of  station;  top  of  north  rail 1, 240.6 

Pittsfleld,  0.13  mile  east  of,  northwest  corner  of  Bridge  No.  46,  on  foundation  wall;  chiseled 
square  (Pennsylvania  Railroad  bench  mark  No.  47) 1, 237.68 

Pittsfleld,  0.75  mile  east  of,  southwest  comer  of  small  bridge,  on  foundation  wing  wall;  copper 
bolt  (Pennsylvania  Railroad  bench  mark  No.  46) 1, 231, 197 

Youngsvllle,  0.86  mile  west  of,  southwest  comer  of  Bridge  No.  47,  on  foundation  wall;  copper 
bolt  (Pennsylvania  Railroad  bench  mark  No.  45) 1, 221.601 

Youngsvllle,  0.32  mile  west  of,  southwest  comer  of  6-span  girder  bridge  over  Brokenstraw 
Creek;  copper  bolt  (Pennsylvania  Railroad  bench  mark  No.  48)  1, 207.025 

Youngsville,  0.15  mile  west  of,  northeast  comer  of  Dunkirk,  Allegheny  Valley  and  Pittsburg 
Railroad  bridge,  on  projection  of  bottom  foundation  stone  of  pier;  chiseled  square  (Penn- 
sylvania Railroad  bench  mark  No.  43)  1, 211.305 

Youngsville,  in  front  of  station;  top  of  rail 1, 210. 8 

Youngsville,  in  front  of  Dimkirk,  Allegheny  Valley  and  Pittsburg  Railroad  station;  top  of 
north  rail 1,205.8 

Irvineton,  0.70  mile  west  of,  southwest  comer  of  Bridge  No.  49,  on  foundation  wall;  chiseled 
square  (Pennsylvania  Railroad  bench  mark  No.  42) 1, 173.032 

Ir\ineton,  in  front  of  station;  top  of  south  rail 1, 167.3 

Irvineton,  0.24  mile  east  of  station,  east  abutment  of  double-track  steel-girder  Bridge  No.  50 
across  Brokenstraw  Creek,  north  side  of  middle  girder,  on  bridge  scat;  aluminum  tablet 
8tamped*'1176  PITTSBURG  1899" 1,167.948 

PRIMARY  r.E VEILING. 

TIOGA  AND  POTTER  COUNTIES. 

ELKLAND,  CUINKS,  ClALETON,  AKD  TlOtiA  ({UADBANOLES. 

The  following  elevations  are  based  upon  bench  marks  at  Corning  and  Addison,  N.  Y.,  on 
the  precise-level  line  Dunkirk  to  Albany,  N.  Y.  The  reference  bench  mark  is  an  aluminum 
tablet  in  the  State  library  at  Ilarrisburg  stamped  ''364  ILVRRISBURG  1809,"  the  eleva- 
tion of  which  is  accepted  as  363.975  feet  above  mean  sea  level.  The  leveling  was  done  in 
1899  under  the  direction  of  Mr.  J.  II.  Jennings,  topographer,  by  Messrs.  C.  H.  Semper  and 
Robert  Coe,  ievelmen.  The  standard  bench  marks  are  stamped  *'IiARRISBURG'*  in 
addition  to  figures  of  elevation  mostly  I  (opt  low, 
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ELKLAND  QUADRANGLE. 

ADDISON,  N.  Y.,  SOUTH  ALONG  BUFFALO  AND  SUSQUEHANNA  RAILROAD  TO  ELKLAND,  PA.,  THENCE  WEST, 
VIA  ACADEMY  CORNERS,  TO  WESTFIELD. 

Feet. 

Elkland,  on  west  Main  street,  in  front  face  of  Pattison  Bank;  tablet  stamped  "1134  HARRIS- 
BURG  1899" 1,134.432 

Academy  Comers,  in  southeast  comer  of  district  schoolhouse;  tablet  stamped  "  1216  HAR- 

RISBURG  1899" 1,216.725 

Knoxville,  in  about  the  middle  of  foundation  of  chimney  on  residence  of  n.  I.  Brewster,  on 
south  side  of  East  Main  street,  being  the  third  building  from  comer  of  Main  and  Water 
streeU:  aluminum  tablet  stamped  "1239  HARRISBURO  1899" 1,240.368 

ACADEMY  CORNERS,  SOUTH  ALONG  HIGHWAYS  TO  LITTLE  MARSH,  THENCE  SOUTHEAST 
TO  MIDDLFBURY  CENTER. 

Little  Marsh,  at  east  end  of  village,  in  top  of  third  stone  from  oast  end  of  north  abutment  of 
iron  highway  bridge  over  Crooked  Creek;  bronze  tablet  stamped  "1392  HARRISBURO 
1899" 1.393.184 

Middlebury  Center,  in  top  stone  at  south  end  of  west  pier  of  Iron  highway  bridge  over 
Crooked  Creek;  bronze  tablet  stamped  "1149  HARRISBURO  1899" 1,150.004 

GAINES,  EAST  ALONG  BUFFALO  AND  SUSQUEHANNA  RAILROAD  AND  NEW  YORK  CEN- 
TRAL RAILROAD  TO  8TOKESDALE,  THENCE  NORTH  ALONG  LATTER  TO  MIDDLEBURY 
CENTER. 

Ansonia,  on  north  side  of  cast  abutment  of  highway  bridge  over  Marsh  Creek  200  feet  west  of 
Fall  Brook  Railway,  in  top  of  bridge  seat  stone;  bronze  tablet  stamped  "  1136  HARRIS- 
BURO 1899" 1,136.884 

8TOKE8DALE,  SOUTH  ALONG  NEW  YORK  CENTRAL  RAILROAD,  TO  WELLSBORO  (SINGLE- 

SPUR  LINE.) 

• 

Wellsboro,  bronze  tablets  in  stone  monuments  set  in  public  square  as  meridian  marks; 
stamped  "1308  HARRISBURO  1899"— 

North  monument  (about  7  feet  from  Central  avenue  and  42  feet  from  Main  street) 1, 308. 638 

South  monument  (about  13  feet  from  Pearl  street  and  26  feet  from  Charles  street) 1,309.305 

TIOOA   QUADRANGLE. 

ELKLAND,  EAST  ALONG  NEW  YORK  CENTRAL  RAILROAD  TO  LAWRENCEVILLE,  THENCE 
NORTH  TO  CORNING. 

Ndson,  in  southeast  comer  of  Nelson  schoolhouse;  tablet  stamped  "1077  HARRISBURO 
1899" 1,077.978 

Lawrenceville,  at  northwest  comer  of  Main  and  Cowanesque  streets,  in  top  foundation  stone 
on  south  side  near  southeast  comer  of  building;  aluminum  tablet  stamped  "096  HARRIS- 
BURO 1899" 996.792 

MIDDLEBURY  CENTER,  SOUTHEAST  ALONG  HIGHWAY  TO  EAST  CHARLESTON,  THENCE 
EAST  TO  MANSFIELD. 

East  Charleston,  at  northwest  comer  of  brick  residence  of  Seymour  Whitney,  in  west  face  of 

foundation;  aluminum  tablet  stamped  "  1656  HAURISBURG  1899 '^ 1,656.891 

(k)vington,  in  west  face  of  foundation  near  northwest  comer  of  I.  O.  O.  F.  hall,  being  third 
building  south  of  State  street,  on  east  side  of  Williams  street;  bronze  tablet  stamped  "  1196 

HARRISBURO  1899" 1,197.015 

Mansfield,  bronze  tablets  set  in  stone  monuments  on  the  grounds  of  the  Mansfield  State  Nor- 
mal School  for  meridian  marks- 
North  monument  marked  "  1207  HARRISBURO  1899" 1,207.706 

South  monument  marked  "  1196  HARRISBURO  1899" 1,196,804 

MANSFIELD,  NORTH  ALONG  ERIE  RAILROAD,  TO  TIOGA. 

Tioga,  2.5  miles  south  of;  top  of  coping  stone  at  west  end  of  north  abutment  of  steel-plate 
girder  railroad  bridge  over  Mill  Creek 1,062. 13 

Tioga,  in  front  face  of  buttress  on  south  side  of  south  entrance  of  St.  Andrews  Episcopal 
church;  bronze  tablet  stamped  "  1036  HARRISBURO  1899" 1,037.041 
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SPUR  LINE,  SOUTHEAST  ALONG  MILL  CREEK,  TO  PAINTER  RUN. 

Feet. 
Painter  Run,  in  south  face  of  foundation  near  southwest  comer  of  Free  Methodist  Chuioh,  at 
forks  of  road  where  signboard  reads  "Summit  6  miles;"  alumhium  tablet  stamped  "1257 
HARRI8BURG  1809" 1,258.2<1 

MIDDLEBUBY  CENTER,  NORTHEAST  ALONG  NEW  YORK  CENTRAL  AND  HUDSON  BIYBE 
RAILROAD,  TO  TIOGA. 

Crooked  Creek,  1.25  miles  north  of,  about  1,800  feet  south  of  mlTepost  85-86,  on  west  side  of 
north  abutment  of  small  bridge;  top  of  coping  stone 1,103.80 

Hammond,  0.75  mile  north  of,  about  600  leet  north  of  milepost  83-88,  at  west  end  of  north 
abutment  of  small  bridge;  top  of  coping  stone 1,075.52 

TIOGA,  NORTH  ALONG  ERIE  RAILROAD,  TO  LAWRENCEVILLE. 

Tioga,  near  Erie  Railroad  station,  at  north  end  of  west  abutment  of  highway  bridge  over 
Tioga  River;  top  of  coping  stone 1,088. 41 

Lawrenceville,  south  end  of  east  abutment  of  highway  bridge  over  Tioga  River,  near  railroad 
station ;  top  of  coping  stone 993. 43 

TIOGA  JUNCTION,  EAST  ALONG  ERIE   RAILROAD,  TO  JACKSON   SUMMIT  (SINOLE-SPUB 

LINE). 

Jackson  Summit,  in  north  face  of  foundation  near  northeast  comer  of  residoioe  of  O.  B.  Mor- 
rill, nearly  opposite  Erie  station;  bronze  tablet  stamped  "1585  HARRISBURO  18B»". . ..  1,586.080 

GAINES  QUADRANGLE. 

WESTFIELD,  WEST  ALONG  NEW  YORK  CENTRAL  RAILROAD,  TO  POINT  2.5  MILB8  WEtft 

OF  MILLS. 

Westfield,  at  comer  of  Main  and  Church  streets,  in  east  face  of  top  foundation  stone  at  north- 
east comer  of  brick  building;  aluminum  tablet  stamped  "1372  IIARRISBURG  1899" 1,372.510 

Harrison  V^alley,  in  south  face  of  top  foundation  stone  at  the  southeast  comer  of  brick  baOd- 
ing owned  by  O.  K.  and  D.  T.  Stone;  bronze  tablet  stamped  "1618  HARRI8BURG  1899".  1,619.263 

Mills,  2.5  miles  west  of.  in  top  of  cornerstone  on  north  side  of  east  abutment  of  bridge  about 
1,100  feet  east  of  milepost  109-4;  bronze  tablet  stamped  "2022  HARRISBURO  1899" 2,022.877 

WESTFIELD,    SOUTH    ALONG    BUFFALO   AND    SUSQUEHANNA    RAILROAD,    TO   GAINES, 
THENCE  WEST  TO  WEST  PIKE    (SINOLE-SPUR  LINE). 

Sabinsville,  at  north  end  of  village,  in  top  of  comcrstone  on  north  side  of  east  abutment  of 
highwa'y  bridpe  over  Mill  Creek:  bronze  tablet  stamped  "1601  HARRISBCRO  1899" 1,602.209 

Oaincs,  at  southeast  comer  of  Hotel  Vermilyea,  in  south  face  of  foundation  stone;  bronse 
tablet  stamped  "1294  HARRISBURO  1899" 1,294.945 

West  Pike,  in  top  of  stone  at  north  end  of  west  abutment  of  steel  railroad  bridge  over  Oenesee 
Fork  of  Pine  Creek ;  a  square  hole 1, 46L  97 

GAINES,  NORTHWEST  ALONG  HIGHWAY  TO  SUNDERLINVILLE    (SINQLE-SPUR  LINE). 

Sunderllnvlllc,  at  the  southwest  comer  of  forks  of  road,  northwest  comer  of  building  used  ^ 
hotel,  in  west  face  of  foundation  stone;  aluminum  tablet  stamped  "1738  HARRISBURO 
1899" 1,739.003 

GALETON    QUADRANGLE. 

Oaleton,  in  window  sill  on  east  end  near  southeast  comer  of  building  used  as  general  office,  of 
Buflak)  and  Susquehanna  RaUroad;  aluminum  tablet  stamped  "  1330  HARRISBURO  1809"  1,330.778 


i 


WARREN  COUNTY. 
SHEFFIELD  AND  WARKKN  (^VADBANULES. 


I 

I 


The  elevations  in  the  following  list  are  based  upon  the  latest  adjustment  datum.    For 
additional  elevations  on  Warren  quadrangle  refer  to  "Precise  leveling."    The  leveling  was  i 

done  in  1905  under  the  direction  of  Mr.  Robert  I).  Cummin,  topographer,  by  Mr.  J.  H.  ■ 

Wetzel,  levelman.     The  standard  bench  marks  are  stamped  ''ADJ  1903"  in  addition  to  - 

the  figures  of  elevation. 
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WARREN   QUADRANGLE. 

WABUXN,  NORTH  ALONG  DUNKIRK,  ALLEGHENY  VALLEY  AND  PITTSBURG  RAILROAD, 
TO  nCNTONVILLE,  N.  Y. 

Feet. 
Warren,  At  street  crossing,  Dnnkirk,  Allegheny  Valley  and  Pittsburg  Railroad;  top  of  rail..  1,209.4 

North  Warren  station,  road  crossing;  top  of  rail 1,218.5 

Warnsn  Asylum,  at  north  side  of  railroad  entrance  to  powerhouse,  west  side  of  building,  on 

window  sill;  bronze  tablet  stamped  "  1225  ADJ  1903" 1,224.538 

Russell,  near  station,  at  northeast  wing  wall  of  covered  highway  bridge  over  Conewango  Creek; 

bronze  tablet  stamped  "1237  AD  J  1903" 1,237.460 

Ackley,  road  crossing  at  station;  top  of  rail 1, 238.8 

Ackley,  600  feet  west  of  station,  southeast  bridge  seat  of  highway  and  trolley  bridge  over 

Conewango  Creek;  bronze  tablet  stamped  *' 1241  ADJ  1903" 1,240.743 

Ackley,  north  end  of  siding  at  switch;  top  of  rail^ 1,248.5 

RUSSELL,  EAST  ALONG  HIGHWAY,  TO  CORYDON. 

Russell,  4  miles  east  of,  southeast  bridge  seat  of  wooden  bridge  over  Ackley  Run;  bronze 
tablet  stamped  "1519  ADJ  1903" 1,519.282 

Russell,  6.5  miles  east  of,  in  southeast  foundation  stone  of  Hiram  Lonsburry's  residence; 
bronze  tablet  stamped  "2097  ADJ  1903" 2,096.602 

RUSSELL,  NORTHWEST  ALONG   HIGHWAY  TO  MARSHS    CORNERS,  THENCE    SOUTH    TO 
PUTNAMYILLB,  THENCE  SOUTHEAST  TO  MOUTH  OF  RHIMES  RUN. 

Russell,  4  miles  northwest  of,  at  Marshs  Comers,  in  northwest  foundation  stone  of  Herbert 
Philips's  residence;  bronze  Ublet  stamped  "  1548  ADJ  1903" 1,547.612 

Putnam ville,  1,300  feet  east  of  schoolhouse,  in  northwest  foundation  stone  of  Fletcher's  frame 
residence;  bronze  tablet  stamped  "  1663  ADJ  1903  " 1,662.580 

WARREN,  SOUTHEAST  ALONG  PHILADELPHIA  AND  ERIE  RAILROAD,  TO  TIONA  AND  RETURN. 

Warren,  2  miles  southeast  of;  railroad  bench  mark  on  rock 1,218.84 

Stoneham;  railroad  bench  mark  No.  28  (description  not  given) 1,304.35 

Stoneham,  road  crossing;  top  of  rail 1,342. 7 

Stoneham  station.  150  feet  north  of,  at  west  entrance  of  stone  building  of  Elk  Tanning  Com- 
pany, in  stone  doorsill;  bronze  tablet  stamped  "  1358  ADJ  1903  " 1,357.971 

Clarendon,  railroad  crossing;  top  of  rail 1,391.5 

SHEFFIELD  QUADRANGLE. 

AT  TIONA. 

fiona,  600  feet  north  of  station,  in  southeast  bridge  seat  of  iron  bridge;  aluminum  tablet 
stamped  "  1358  ADJ  1903" 1,358.305 

CRAWFORD    AND    ERIE    COUNTIES. 

'  BIUK,  FAIBTIKW,  AND  tilBABD  (^L'ADKAXtiLEK. 

The  elevations  in  the  following  list  are  based  on  an  aluminMm  tablet  stamped  ''635  ERIE  '* 
placed  in  the  Soldiers'  Home,  at  Erie,  Pa.,  the  elevation  of  which  is  now  accepted  as  636.179 
feet  above  mean  sea  level.  This  is  the  initial  bench  mark  for  the  precise-level  lino  run  south 
to  Pittsburg,  and  was  set  by  primary  leveling  from  an  army  engineer's  bench  mark,  consist- 
ing of  a  chisel  mark  in  the  southwest  corner  of  the  foundation  of  the  light-house  keeper's 
dwelling  at  Erie,  the  elevation  of  which  is  now  accepted  as  577.591.  This  work  was  pre- 
viously reported  upon  in  the  Appendix  to  the  Twenty-first  Annual  Report  of  the  United 
States  Geological  Survey  and  is  here  corrected.  For  additional  elevations  on  Erie  quad- 
rangle refer  to  list  under  "Precise  leveling." 

The  leveling  was  done  in  1899  under  the  general  direction  of  Mr.  Frank  Sutton,  topog- 
rapher, by  William  Crennel,  levelman.  The  bench  marks  dependent  on  this  datum  are 
stamped  "ERIE"  in  addition  to  figures  of  elevation  mostly  1  foot  low. 
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ERIE  QUADRANGLE. 

OODARD,  WEST  ALONG  HIGHWAY,  TO  FAIKVIEW,  THENCE  NORTHEAST,  ALONG  LAKE 
SHORE  AND  MICHIGAN   SOUTHERN  RAILWAY,  TO  ERIE. 

Feet, 
Sterrettania,  in  southeast  comer  of  foundation  of  Cook's  flouring  mill;  aluminum  tablet 

stamped  " 904  ERI E  " 905. 306 

Erie,  in  water  table  northwest  comer  of  hospital  wing  of  Soldiers'  Home;  aluminum  tablet 

stamped  'G35ERIE" 636.179 

FAIRVIEW   QUADRANGLE. 

FATRVIEW,   WEST    ALONG    LAKE    SHORE    AND    MICHIGAN    SOUTHERN    RAILWAY,    TO 

STATE    LINE. 

J^itfi'^w^  in  southwest  comer  of  foundation  of  store  owned  by  David  Yeagle;  aluminum  tab- 
led stamped  "  795  ERI E  " , 796. 283 

GIRARD   QUADRANGLE. 

Girard  Junction,  0.5  miles  west  of,  8outhca,st  conicr  of  coping  of  west  abutment  of  culvert 
und^  Lake  Shore  and  Michigan  Southern  Railway,  at  crossing;  bench  mark,  stamped 
"Br  #8" 649.72 

State  line  (Pa.-Ohio),  on  south  side  of  pedestal  of  monument,  1.25  miles  north  of  Lake  Shore 
and  Michigan  Southern  Railway;  aluminum  tablet  stamped  **  635  ERIE  " 635  595 

STATE   LINE,   SOUTH-SOUTHEAST  OVER   HIGHWAY,    VLA    TRACY,  TO    CONNEAUTVILLE. 
THENCE  NORTHEAST  TO  IIICKERNELL,  THENCE  NORTH  TO  GIRARD. 

West  Springfield,  In  foundation  west  side  of  A.  J.  Thomas's  barn;  aluminum  tablet  stamped 

"  712  ERI E  " 712. 772 

Tracy,  1  mile  south  of  and  just  south  of  creek  bridge,  in  northwest  comer  of  foundation  of 

house  owned- by  Mr.  Culberson;  aluminum  tablet  stamped  "952  ERIE" 953.120 

Beaver  Center,  store  owned  by  L.  L.  Fuller,  in  northeast  comer  of  foundation;  aluminum  tab- 

•  let  stamped  "1029  ERIE" 1,030.316 

Conneautville,  in  southeast  comer  of  foundation  of  bank  building;  aluminum  tablet  stamped 

••948ERIE" 949.142 

llickemells,  on  northeast  corner  of  foundation  of  post-oHlce;  bronze  tablet  stamped  "1127 

ERIE" 1,128.134 

Pont,  in  front  foundation  of  United  Brethren  Churcli;  bronze  tablet  stamped  '*  1090  ERIE"...  1,090.699 
Platca,  in  southwest  comer  of  foundation  of  Methwlist  Church;  bronze  tablet  stamped  "876 

ERIE" 876.400 

Girard,  Dobler's  farm;  northwest  comer  of  stone  flag  foundation  of  foimtain  and  watering 

trough 799.22 

BERKS,  CHESTER,  DELAWARE,  AND  LANCASTER  COUNTIES. 
C0ATE8V1LLK,  PHOENIXTILLE,  SlIPLKE,  AND  WEST  CHESTER  (QUADRANGLES. 

Tho  elevations  in  the  following  list  are  based  upon  an  aluminum  tablet  in  the  Stat^ 
Library  at  Ilarrisburg,  stamped  "364  IIARRISBURG  1899."     The  initial  points  are  vari- 
ous bench  marks  along  precise-level  lines  of  the  Pennsylvania  Railroad,  the  heights  accepted 
for  which  accord  with  tho  1903  adjustment. 

The  leveling  on  the  West  Chester  quadrangle  was  done  in  1900  under  the  direction  of  Mr. 
Hersey  Munroe,  topographer,  by  Mr.  Margraves  Wood,  levelman,  and  that  on  the  other 
quadrangles  was  done  in  1903  under  the  direction  of  Mr.  F.  Sutton,  topographer,  by  Mr. 
J.  II.  Wetzel,  levelman.  Standard  bench  marks  are  stamped  "HARRISBURG"  in  addi- 
tion to  the  figures  of  elevation. 

WEST   CHESTER   QUADRANGLE. 

WEST  CHESTER  TO  WESTTOWN. 

Feet. 

West  Chester,  near  northwest  comer  of  county  court-house  grounds,  Market  and  North  High 
streets,  In  top  of  wall;  aluminum  tablet  stamped  "  IIARRISBURG  459" 458.936 

Westtown,  500  feet  west  of  station,  at  we^t  end  and  north  side  of  bridge  over  Chester  Creek, 
in  top  of  approach  to  wall;  bronze  tablet  stamped  **2a3  HARRIS  BURG" 263.288 
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WESTTOWN,  VIA  THORNBURY  AND  DILWORTHTOWN,  TO  BRANDYWINE  SUMMIT. 

Feet. 
Brandsrwine  Summit,  at  northeast  comer  of  crossroads,  D.  B.  Martin's  residence,  in  south 
face  of  west  stone  gatepost;  bronze  tablet  stamped  " 427  H ARRISB URO  1900 " 427. 114 

SPUR  LINE,  WEST  FROM  BRANDYWINE  SUMMIT  TO  CHADS  FORD  STATIpN. 

Chads  Ford,  200  yards  east  of  station,  on  west  abutment  of  railroad  bridge,  south  side;  bronze 
tablet  stamped  "168  HARRISBURG  1900" 168.417 

Elam  (discontinued  post-office),  1.25  miles  south  of,  120  feet  west  of  Wilmington  pilce,  in  top 
of  State  line  stone  No.  16;  aluminum  tablet  stamped  "384  HARRISBURO  1900" 384.174 

STATE  CORNER  NO.  6,  VIA  KENNETT  SQUARE,  WILLOWDALE,  UNIONVILLE,  OLENHALL, 
AND  MARSHALLTON,  TO  WEST  CHESTER. 

Willowdale,  350  feet  south  of  post-office,  east  side  of  road  to  Kennett  Square,  at  northeast  end 

of  stone  chapel,  on  stone  doorsill;  bronze  tablet  stamped  "387  HARRISBURG  1900" 387.712 

Qlenhall,  Pennsylvania  Railroad  crossing  at  station;  top  of  rail 210. 8 

Gtenhall,  565  feet  north  of,  245  feet  north  of  north  end  of  highway  bridge  over  Brandy  wine 
Creek,  east  side  of  road  near  spring,  in  ledge  of  rock:  bronze  tablet  stamped  "  216  HARRIS- 
BURG IflOO*' .:iO..>97 

COATBSVILLB   QUADRANGLE. 
COATESVILLE,  SOUTHEAST  ALONG  PHILADELPHIA  AND  READING  RAILROAD,  TO  OLENHALL. 

Coatesville,  Pennsylvania  Railroad  station,  in  doorsill;  copper  bolt 381.25 

Coatesville,  road  crossing;  top  of  rail 305. 29 

Mortonville,  2,700  feet  south  of,  southeast  abutment  of  railroad  bridge;  bronze  tablet  stamped 

••245  HBG" 245.264 

Laurel,  in  front  of  station;  top  of  rail 241. 3 

KENNETT  SQUARE,  WEST  ALONG  PHILADELPHIA,  WILMINGTON  AND  BALTIMORE  RAIL- 
ROAD, TO  OXFORD,  THENCE  NORTH,  ALONG  HIGHWAY,  TO  PARKSBURG. 

Avondalo,  450  feet  east  of  station,  railroad  Bridge  No.  33,  on  northeast  bridge  seat;  bronze 

Ublet  stamped  "272  HARRISBURG  1903" 272.2M 

Avondale  station,  road  crossing;  top  of  rail 277. 3 

West  Grove,  200  feet  south  of  station,  road  crossing;  top  of  rail 390.3 

West  Grove,  1.2  miles  south  of,  on  northeast  abutment  of  overhead  bridge;  copper  bolt 450. 475 

Kelton  station,  road  crossing;  top  of  rail 545.9 

Kelton,  600  feet  south  of,  on  east  side  of  track,  on  stone  pier  of  overhead  wagon  bridge,  bronze 

teblet  stamped  "554  HARRISBURG  1903" 554.228 

Lincoln  University,  100  feet  south  of  station,  at  road  crossing;  stone  marker 487. 0 

Oxford,  2  miles  north  of,  Bridge  No.  47,  over  Elk  Creek,  on  northwest  wing  wall;  copper  bolt.  405. 954 
Oxford,  1,200  feet  east  of  station,  north  side  of  track,  on  small  culvert,  bronze  tablet  stamped 

"507  HARRISBURG" 506.704 

RusaeUville,  1.2  miles  north  of,  at  northeast  comer  stone  of  porch  of  S.  P.  Martin,  bronze 

tablet  stamped  "631  HARRISBURG  " 630. 870 

Parksburg,  Pennsylvania  Railroad  passenger  station,  doorsill;  copper  bolt 540. 90 

Parksburg,  1,200  feet  west  of  Pennsylvania  Railroad  station,  culvert  under  street  railroad. 

Bridge  No.  62,  northeast  abutment;  aluminum  tablet  stamped  *  542  HARRIS  BURG  1903".  543.631 

COATBSVILLB,  NORTH  ALONG  PHILADELPIUA  AND  READING  RAILROAD,  TO  BIRDSBORO. 

CoatesvUle,  200  feet  north  of  stone-arch  railroad  bridge,  southeast  end  of  cast  abutment  of 

railroad  bridge  over  Brandywine  Creek;  aluminum  tablet  stamped  "314  HBG  ' 314. 580 

Valley  station,  road  crossing;  top  of  rail 340. 2 

Valley,  small  bridge  0.6  mile  north  of  station,  west  end  of  north  abutment 376. 05 

SUPLEB   QUADRANGLE. 

PARKSBURG,  NORTH  ALONG  HIGHWAY,  VIA  COMPASS,  TO  BEARTOWN. 

Compass,  at  entrance  to  P.  E.  Church,  in  stone  doorsUl;  aluminum  tablet  stamped '  *  520  HAR- 
RISBURO 1903" 519.835 

Churchtown  road,  0.3  mile  west  of  station,  northwest  abutment  of  the  Downingtown  and 

Lancaster  Railroad  Bridge  No.  17  over  pike;  top  of  coping  stone 856. 25 

Wagontown;  top  of  rail 464. 8 

Cedar  KnoU.  in  front  of  station;  top  of  rail 549. 0 
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Feet. 
Cedar  Ejio11,0.8  mile  north  of,  railroad  bridge  over  Brandywine  Crceic,  east  end  of  south  abut- 
ment; bronze  tablet  stamped  * '  548  HUG  " 548.020 

Brandamore,  road  crossing;  top  of  rail 67L  3 

Ferndale  station ;  top  of  rail 583. 3 

Birdell,  road  crossing;  top  of  rail 001.4 

Suplee,  250  feet  north  of  station,  road  crossing;  top  of  rail 645. 2 

Suplee,  2,400  feet  north  of,  overhead  highway  bridge,  15  feet  from  south  end  of  west  pier,  on 

top  stone;  bronze  Uiblet  stamped  "&i4  IIARRISBURG  1903" M4.5d4 

Fountain  station,  road  crossing;  top  of  rail 617. 2 

Isabella,  road  crossing;  top  of  rail 645. 4 

Conestoga,  road  crossing;  top  of  rail 645. 5 

Elverson  station,  road  crossing:  top  of  rail 645. 5 

Elverson,  southeast  corner  of  warcroom  of  cannery,  on  top  stone  in  foundation;  aluminum 

tablet  stamped  "e^l  n.\RRISBURO  " 634. 593 

Kenny  station,  road  crossing;  top  of  rail 627. 1 

Joanna  station,  road  crossing;  top  of  rail 025. 8 

Joanna  Ileights,  road  crossing;  top  of  rail 600. 5 

Cold  Run  station,  road  crossing;  top  of  roil 512. 9 

Oeigertown,  road  crossing  at  station ;  top  of  rail 425. 0 

White  Bear  station,  road  crossing;  top  of  rail '  349. 6 

White  Boar,  100  feet  north  of  station,  railroad  bridge  over  Hay  Creek,  on  southeast  wing 

wall,  aluminum  tablet  stampoil  "345  HARRISBURG" 345.434 

Trap  Rock  station,  in  front  of,  top  of  rail 256. 78 

South  Birdsboro  station,  road  crossing;  top  of  rail 215. 1 

8UPLEE,  WEST  ALONG  UOWNINGTOWN  AXD  LANCASTER  RAILROAD,  TO  BEARTOWN. 

Buchanans  Road  station,  road  crossing;  top  of  rail 671.3 

Honey  Brook  station,  200  feet  west  of,  road  crossing,  top  of  rail 739.9 

Honey  Brook,  1.4  miles  west  of.  Bridge  No.  IG,  northeast  bridge  seat 817.79 

Church  town,  road  crossing,  top  ol  rail 876. 0 

SPUR  TO  BEARTOWN. 

Beartown,  in  east  pier  of  platform  of  railroad  station;  aluminum  tablet  stamped  "773  HAR- 
RISBURG 1903  • 773.664 

Beartown,  road  crossing,  top  of  rail 771.6 

WHITE   BEAR   (SCARLETS  MILL  POST-OFFICE).  WEST  ALONG  HIGHWAY,  TO  HUMMEL'S 

STORE 

White  Bear,  100  feet  north  of  station,  southeast  wing  wall  of  ralIroa<l  bridge  over  Hay  Creek; 

aluminum  tablet  stamped* '345  HARRISBURG' d45.434 

Plowville,  2  miles  west  of,  0.25  mile  east  of  Hummers  store,  large  stone  step  at  entrance  to 

BChoolhouse,  bronze  tablet  stamped  '  730  HARRISBURG  730.492 

PHOENIXVILLE    QUADRANGLE. 

GLEN  LOCH  TO  WEST  (HESTER. 

Glen  Loch.  0.2  mile  east  of,  Pennsylvania  Railroad  Bench  Mark  No.  27,  in  south  parapet  of 

King  Road  Bridge,  copper  bolt 459.09 

DOWNINGTOWN,  NORTH  ALONG  HIGHWAY.  VIA  MILFORD  MILLS  AND  PUGHTOWN,  TO 

POTTSTOWN 

Downingtown,  Viaduct  avenue  arch,  north  end ,  copper  bolt 25^.  223 

Downingtown,  west  side  of  north  end  of  Viaduct  avenue  arch,  720  fw^t  east  of  station;  bronze 

tablet  stamped  '  255  H  A  R R IS B U RG  " 255. 233 

East  Downingtown  station,  road  crossing;  top  of  rail 242.36 

Dowlin  station,  road  crossing;  top  of  rail 274. 5 

Dorian  station,  road  crossing;  top  of  rail 288.4 

Dorian,  0. 1  mile  north  of.  Bridge  No.  6;  southeast  bridge  scat 289.44 

Milford  Mills,  covered  wagon  bridge  over  Marsh  Creek,  near  blacksmith  shop;  east  end  stone 

ol  northeast  wing  wall 316. 79 

Pughtown.  south  end  of,  at  entrance  to  schoolhouse.  on  stone  stop;  bronze  tablet  stamped 

•273  HARRISBURG  1903' 273.530 

Pottstown,  passenger  station:  copper  bolt  on  doorsill 138.76 
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Feet. 
Pottstown,  150  feet  west  of  station,  stone-arch  bridge  of  Pennsylvania  Railroad,  in  southeast 

corner  of  coping  stone;  bronze  tablet  stamped  "IseHARRISBURO  1903" 135.968 

Spring  City,  west  of,  canal  bridge,  east  bridge  seat;  copper  bolt 114.26 

Spring  City,  1  mile  west  of,  480  feet  west  of  Pennsylvania  Railroad  bridge  over  canal,  in  south- 
east bridge  seat  of  undergrade  wagon  bridge;  bronze  tablet  stamped  "117  HARRIS- 
BURO1903" 117.651 

AT  PHOENIXVILLE. 

Gay  Street  Bridge,  south  of  track,  capstone  of  pier  of  east  column ;  square 128. 657 

Pboenixville,  900  feet  east  of  passenger-station,  northeast  coping  stone  of  bridge  over  Main 
street;  aluminum  tablet  stamped  •*127  HARRISBURG  1903" 127.330 

AT  FRAZER. 

North  end  of  undei<grade  bridge,  east  bridge  seat;  copper  bolt 487. 588 

Frazer,  at  station,  north  end  of  undergrade  railroad  bridge,  west  bridge  seat;  aluminum  tab- 
let stamped  "487  HARRISBURG  1903" 487.397 

BERKS,  LANCASTER,  LEBANON,  AND  LEHIGH  COUNTIES. 
LANCASTER,  SLATlNtiTON,  AND  WERNEE8T1LLE  ({lIADBANtiLES. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum  tablet  in  the  State 
Library  at  Harrisburg  stamped  "364  HARRISBURG  1899."  The  initial  points  are  vari- 
ous bench  marks  of  the  transcontinental  line  of  the  United  States  Coast  and  Geodetic 
Survey  and  of  the  Pennsylvania  Railroad,  tlie  accepted  heights  for  which  accoY'd  with  the 
1903  adjustment. 

The  leveling  on  the  Slatington  and  Wemerville  quadrangle^  was  previously  reported 
upon  in  Bulletin  No.  185,  and  was  done  in  1900  under  the  direction  of  Mr.  Hersey  Munroe, 
topographer,  by  Messrs.  B.  E.  White  and  Hargraves  Wood,  levelmen,  and  that  on  the  Lan- 
caster quadrangle  was  mostly  done  in  1901-2  under  the  direction  of  Mr.  J.  H.  Wheat, 
topographer,  by  Mr.  J.  S.  B.  Daingerfield,  levelman.  The  line.  Clay  to  Brickerville,  was 
run  in  1905  under  Mr.  Robert  D.  Cummin,  topograher,  by  Mr.  J.  H.  Wetzel,  levelman. 
The  standard  bench  marks  are  stamjjcd  with  the  letters  "HARRISBURG"  or  "HGB" 
in  addition  to  the  figures  of  elevation. 

LANCASTER   QUADRANGLE. 

LANCASTEB,    NORTH    ALONG  PUBUC    ROADS,     VIA    LITITZ    AND    BRUNERVILLB,    TO 
BRICKERVILLE. 

Feet. 
Lancaster,  on  northeast  comer  of  foundation  wall  of  court-house,  comer  North  Duke  street 

and  alley;  aluminum  tablet  stamped  "  369  HARRISBURG  " 368.901 

Lancaster,  on  west  doorsill  of  Pennsylvania  Railroad  station;  copper  bolt  (Pennsylvania  Rail 

road  bench  mark  No.  81) 359.714 

Lititz,  west  side  of  fountain,  on  wall;  aluminum  tablet  stamped  "  385  U  O  B  " 385. 403 

Brickez-ville.  northeast  comer  foundation  of  hotel;  aluminum  tablet  stamped  "  538  H  O  B  " . . .  538. 974 

BRICKERVILLE,  WEST  ALONG  PUBUC  ROADS,  TO  MOUNT  HOPE,  TUENCE  SOUTH  ALONG 
PUBUC  ROADS,  VLA  OLD  UNE,   SALUNGA.  AND  SILVER  SPRING,  TO  MOUNTVILLE. 

Old  Line  1.3  miles  north  of,  at  intersection  of  roads,  set  in  rock;  iron  post  stamped  "  U.  S.  596  " 

(Not  U.  S.  Oeol.  Survey) ."sge.  148 

Old  Line  (discontinued  post-office),  650  feet  northwest  of,  southeast  comer  of  foundation  of 

large  bam;  aluminum  tablet  stamped  "  584  H  O  B  " 583.871 

Salunga,  overhead  bridge,  south  pier,  east  end;  aluminum  tablet  stamped  "  405  H  G  B  " 404. 716 

Salunga,  overhead  bridge,  south  pier,  west  end;  copper  bolt  (Pennsylvania  Railroad  bench 

mark  No.  88) 404. 779 

Mountville,  0.4  mile  west  of,  south  parapet  of  culvert:  copper  bolt  (Pennsylvania  Railroad 

bench  mark  No.  123) : 390. 709 

Mountville,  west  of,  on  south  parapet  of  culvert;  bronze  tablet  stamped  "  391 U  G  B  " 390. 705 
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CLAY  TO  BRICEERVILLE. 

Feet. 
Clay,  Grant  Steinmets  Hotel,  in  southeast  comer  stone;  bronze  tablet  stamped  *  *  363  AD  J 1908  " .    362. 560 

•  SLATINOTON   QUADRANGLE. 

MACtTNQIE,  NORTHWEST    ALONG    HIOBrWAY,    VL4    FOOELSVILLE,    TO    LYON    VALLEY. 

Macungie  station,  0.5  mile  west  of;  square  cut  on  top  of  stone  of  the  middle  of  the  south  side  of 
Philadelphia  and  Reading  Railroad  bridge  over  small  run,  marked  "  XXII  B.  M.  1881 " 
U.S.C.  G.S.B.M 383.822 

Fogelsville,  German  Reformed  Church;  aluminum  tablet  set  in  southwest  comer  of  foundation 
wall  under  comer  stone,  stamped  "  514 II ARRISB  URG  IflOO  " 514. 369 

Claussville,  on  south  end  of  doorstep  of  schoolhouse;  chiseled  square 684. 05 

LYON    VALLEY,  NORTHWEST    ALONG    HIGHWAY,  TO    NEW    TRIPOLI,  THENCE    NORTH- 
EAST ALONG  PHILADELPHIA  AND  READING  RAILROAD,  TO  SLATINGTON. 

New  Tripoli,  0.5  mile  northeast  of;  bronze  tablet  set  in  in  southeast  comer  of  stone  basement 
of  bam  owned  by  A.  Bennikoff,  stamped"  573  HAR  HIS  BU  KG  1900" 672.822 

Germansville  depot;  top  of  rail  at  road  crossing,  marked  "GOS"  on  plank 607.7 

Qermansville,  600  feet  north  of  crossing  by  station,  on  north  end  of  bridge  seat,  east  abutment 
of  railroad  trestle  bridge  over  Jordan  Creek;  chiseled  square 601.07 

Best,  500  feet  northeast  of  railroad  station;  bronze  tablet  sot  in  north  end  of  bridge  seat,  west 
abutment  of  small  railroad  bridge,  stamped  *'  648  H  ARRISBURG  1900  " 648.318 

SLATINGTON,  SOUTHEAST  ALONG  LEHIGH  VALLEY  RAILROAD  TO  ROCKDALE,  THENCE 
SOUTHWEST  ALONG  HIGHWAY  TO  LYON  VALLEY. 

Slatington,  0.8  mile  south  of;  iron  bolt  in  west  pier  of  Lehigh  and  New  England  Railroad,  over- 
head crossing  bridge  over  Lehigh  Valley  Railroad,  marked  "  U.  S.  G.  S.  B.  M.  358"  (Lehigh 
Valley  Railroad  bench  mark  No.  92) 357.83 

Rockdale,  250  foot  north  of  station,  at  southeast  comer  of  water  tank  of  Lehigh  Valley  Rail- 
road, in  foundation  stone  under  pillar;  bronze  tablet  stamped  "  354 IIAR  RISBU  RG  1900  " . .      353. 785 

Unionville  (Nefls  post-office) ,  Union  Church ;  east  end  of  lower  stone  step  of  front  entrance 687. 14 

WEBNERSVILLE   QUADRANGLE. 

WOMELSDORF,    VIA    HOST    POST-OFFICE,   SCHAEFFERSTOWN     (TULPEHOCKEN    POST- 
OFFICE),   BERNVILLE,  GARFIELD,  AND  BROWNSVILLE,  TO  WERNERSVILLE. 

Womelsdorf,  1.5  miles  west  of,  at  Philadelphia  and  Reading  Railroad  overhead  bridge,  at  north 

wall,  east  side  ;  cut  in  base  (United  States  Coast  and  Geodetic  Survey  bench  mark) 483. 488 

Womelsdorf,  at  northwest  comer  of  Main  and  Second  streets,  in  cast  side  of  foundation,  south 

end  of  Filbert  &  Bros,  store;  aluminum  tablet  stamped" 433  H  ARRISBURG  " 433. 582 

Host  post-office,  west  side  of  Jacob  Shaflner  &  Co.'s  store,  in  top  wall;  bronze  tablet  stamped 

"369  11  ARRISBURG" 368.806 

Schaefterstown  (Tulpehocken  post-office),  St.  Paul's  Church,  in  west  side  of  stone  doorsill; 

bronze  tablet  stamped  "491  HARRISBURG" 491.427 

Garfield  post-office,  in  northeast  comer  of  stone  house  belonging  to  postmaster;  bronze  tablet 

stamped  "367  HARRISBURG" 367.316 

Brownsville  (Lower  Heidelberg  post-office),  in  the  east  side  of  south  front  of  schoolhouse; 

bronze  tablet  stamped  "380  HARRISBURG" 379.612 

WERNERSVILLE,  WEST  ALONG  PHILADELPHIA  AND  READING  RAILROAD  AND  HIGHWAY, 
VIA  ROBSONIA  FURNACE,  TO  COUNTY  LINE. 

Wemersville,  800  feet  west  of  station,  ledge  of  rock  on  north  side  of  Philadelphia  and  Reading 
Railroad  under  highway  bridge  at  base  of  north  abutment;  bronze  tablet  stamped  "388 
HARRISBURG" 387.636 

South  Mountain,  in  front  of  station;  top  of  rail 394. 78 

Robsonla  station,  0.1  mile  cast  of,  Philadelphia  and  Reading  Railroad  bridge  over  creek,  north 
side,  middle  pier;  United  States  Coast  Survey  bench  mark  No.  XXIV 432. 824 

Berks-Lancaster  Coimty  line,  about  0.9  mile  south  of  and  0.1  mile  south  of  house  at  road  forks, 
in  largo  bowlder;  bronze  tablet  stamped  "983  HARRISBURG" 982.782 
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LANCASTER  COUNTY. 

NEW  HOLLAND  Ql  ADBANULE. 

The  elevations  in  the  following  list  arc  based  upon  the  Pennsylvania  Railroad  elevations, 
corrected  to  accord  with  the  latest  adjustment  of  precise  leveling.  The  leveling  was  done 
in  1905  under  the  direction  of  Mr.  Robert  D.  CXimmin,  topographer,  by  Mr.  J.  H.  Wetzel, 
levelman.  The  standard  bench  marks  are  stamped  "  ADJ  1903  "  in  addition  to  the  figures  of 
elevation. 

NEW    HOLLAND  QUADRANOLL. 
GAP,  NORTH  ALONG  HIGHWAY,  TO  REAM8TOWN,  THENCE  WEST  TO  CLAY. 

Feet. 

Gap,  In  dooraill  of  passenger  station;  copper  bolt 549.360 

Gap,  3  miles  northwest  of;  in  fifth  stone  stop  to  entrance  to  Hess's  mill  near  Poquoa  Creek; 

bronze  tablet  stamped  *  384  ADJ  1903  " 383. 560 

New  Holland,  3  miles  south  of,  in  brick  store  building  of  John  Rllsworth,  to  left  of  entrance; 

aluminum  tablet  stamped  * 473  ADJ  1903 " 473.289 

New  Holland,  opposite  side  of  street  from  station,  in  south  side  of  D.  M.  Hutter  &  Co.'s  grain 

warehouse,  in  stone  doorsill;  bronze  tablet  stamped  " 493  ADJ  1903 " 493. 106 

New  Holland,  at  Styre  House,  at  street  crossing;  top  of  rail 521.9 

Hinkletown,  near  mill  and  hotel,  on  coping  s^Sho  of  north  end  of  west  pier  of  iron  liighway 

bridge  over  Conestoga  Creek  at  west  end  of  town;  aluminum  tablet  stamped  "  331  .\DJ  1903  " .  330. 941 
Reamstown,  in  upper  stone  steps  at  entrance  to  Reamstown  Hotel;  bronze  tablet  stamped 

*  391  ADJ  1903  '• 391. 354 

Stevens,  0.3  mile  west  of,  In  southeast  foundation  of  Adam  Sleighbaugh's  bam;  bronze  tablet  v 

stamped  "393  ADJ  1903" 393.391 

Stevens,  2.5  miles  west  of,  near  Mermonite  Church,  in  northeast  foundation  stone  of  Abraham 

Eberly's  stone  bam;  bronze  tablet  stamped  '* 419  ADJ  1903" 418.515 

WITHER,  NORTH  ALONG  HIGHWAY,  VIA  OREGON,  TO  CLAY. 

Witmer,  0.5  mile  west  of;  copper  bolt  on  overhead  bridge 381. 78 

Harman,  railroad  crossing;  top  of  rail 391. 9 

Leacock  post-office,  1  mile  west  of,  southwest  wing  wall  of  double  stone-arch  bridge  over  small 

stream  in  top  copbig  stone;  bronze  tablet  stamped  "  315  ADJ  1903  " 315. 306 

Oregon,  southeast  comer  of  H.  Hosteder's  stone  mill;  bronze  tablet  stamped  '*  297  ADJ  1903  " .      297. 076 
Brownstown,  0.5  mile  north  of,  in  southeast  comer  foundation  of  Blackbill's  Hotel;  bronze 

Ublet  stamped  "  360  AD  J  1903  " 360. 354 

Mlllway,  in  west  doorsill  at  entrance  to  F.  S.  Bniboker's  stone  mill;  bronze  tablet  stamped 

•316  ADJ  1903" 316.084 

Mlllway,  2.5  miles  north  of,  in  limestone  at  southeast  comer  of  J.  F.  Zell's  garden,  alongside  of 

road  at  intersection  of  roads;  bronze  tablet  stamped  "323  ADJ  1903" 323.090 

CUMBERLAND  AND  YORK  COUNTIES. 

NEW  CUMBERLAND  (jUADBANtiLE. 

The  elevations  in  the  following  list  are  based  upon  the  Pennsylvania  Railroad  elevations, 
corrected  to  accord  with  the  latest  adjustment  of  precise  leveling.  The  leveling  was  done  in 
1905  under  the  direction  of  Mr.  Robert  D.  Cumniin,  topographer,  by  Mr.  J.  11.  Wetzel, 
levelman.  The  standard  bench  marks  are  stamped  "ADJ  1903"  in  addition  to  the  figures 
of  elevation. 

NEW   CUMBERLAND  QUADRANGLE. 

MECHANICSBURG,  SOUTH  ALONG  HIGHWAY,  VIA  8HEPARD8TOWN,  TO  MOUNT  TOP, 
THENCE  SOUTHEAST  TO  DOVER.  THENCE  NORTHEAST  TO  ZION  VIEW,  THENCE 
NORTH  TO  CLY. 

Feet. 
Shepherdstown,  on  southeast  comer  of  brick  schoolhousc;  aluminum  tablet  stamped  "633  ADJ 

1903" 633.061 

Bowmansdale,  5  mtles  south  of,  in  north  end  wall  of  porch  at  entrance  of  W.  II.  Lerew's  store; 

aluminum  Ublet  stamped  "720  ADJ  1903  " 720. 230 

Mount  Top  post-oflRce  on  southeast  comrr  of  store  of  W.  K.  Wiley;  bronze  tablet  stamped 

"594  ADJ  1903" 594.052 
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Feet. 
Wellsville,  1  mile  west  of,  southwest  wing  wall  of  highway  bridge  over  Doe  Run;  bronze  tablet 

BUmped"460ADJ1903" 460.179 

Roler,  on  southeast  comer  of  Emig's  mill;  aluminum  tablet  stamped  "364  AD  J  1903  " 364. 336  , 

Dover,  Peter  Brunhous's  hotel,  in  stone  pier  to  porch  at  ladies  entrance;  primary  traverse 

station  No.  8,  sUmped  "453  ADJ  1903" ,.  453.060 

Zion  View,  southeast  entrance  to  Zion  Church;  aluminum  tablet  stamped  "378  AD  J  1903"  ..  •  377.957 

Strinestown,  at  northwest  comer  of  schoolhouae;  bronze  tablet  stamped  "  450  A D  J  1903  "...  449. 487 
Cly,  east  side  of  an  arch  675  feet  north  of  milepost  70;  copper  bolt  Northern  Central  Raih*oad 

bench  mark  No.  74 302. 84 

JUNIATA  AND  PERRY  COUNTIES. 

HILLERSTOWN  AND  NEW  BL<K>HFIEIiD  (QUADRANGLES. 

The  elevations  in  the  following  list  are  based  upon  various  bench  marks  of  the 
Pennsylvania  Railroad  within  this  area.  Tliey  accord  with  the  1903  adjustment  of  the 
railroad  levels.  The  leveling  was  done  in  1904,  under  the  direction  of  Mr.  R.  D.  Cummin, 
topographer,  by  Mr.  Ira  M.  Flocker,  levelman.  The  standard  bench  marks  are  stamped 
with  the  legend  **  ADJ  1903,"  in  addition  to  the  figures  of  elevation. 

NEW  BLOOMFIEU)  QUADRANGLE. 

COVE  rOROE  STATION,  SOUTHWEST  ALONG  mOHWAY  TO  KEYSTONE,  THENCE  WEST  VIA 
SHERMANSDALE  TO  FALLING  SPRINGS.  THENCE  NORTH  TO  NEW  BLOOMFIELD. 

Feet. 

Cove  Creek  arch;  copper  bolt  Pennsylvania  Railroad  bench  mark  No.  12 351 .  715 

Keystone  post-office,  0. 5  mile  west  of,  Rye  Township,  scboolhouse  District  No.  2,  in  foundation ; 
bronze  tablet  stamped  "598  AD  J  1903" 507.593 

Shermans  Dale,  150  feet  west  of  Union  Hotel,  opposite  south  end  of  covered  bridge,  in  comer 
stone  of  old  wall;  aluminum  tablet  stamped  **445  ADJ  1903" 445.281 

Falling  Springs,  0. 5  mile  east  of,  in  northwest  comer  of  stone  mill  of  M.  L.  Rice;  aluminum  tab- 
let stamped  "471  ADJ  1903" 471.432 

DUNCANNON,  WEST  .\LONO  PEERY  COUNTY  RAILROAD,  VIA  NEW  BLOOMFIELD,  TO 
MANNSVILLE  JUNCTION,  THENCE  NORTH  ALONG  HIGHWAY  TO  MARKETSVILLE, 
THENCE  EAST  TO  NEWPORT. 

Duncannon,  railroad  bridge  over  Sherman  Creek,  in  bridge  seat  of  northeast  wing  wall;  alumi- 
num tablet  stamped  "349  ADJ  1903" 349.066 

Duncannon,  northeast  wing  wall  of  bridge  over  Sherman  Creek;  Pennsylvania  Railroad  bench 
mark 355.400 

Sulphur  Springs,  600  feet  west  of,  in  southwest  comer  of  abutment  of  railroad  bridge;  bronze 
teblet  stamped  "416  ADJ  1903" 415.762 

Hoffman  station,  700  feet  west  of,  300  feet  south  of  track,  in  northeast  comer  of  foundation  of 
bam;  aluminum  tablet  stamped  "568  ADJ  1903" 568.546 

New  Bloomfleld,  on  west  side  of  main  entrance  of  court-house,  in  top  stone  of  foundation; 
bronze  tablet  stamped  "679  ADJ  1903  " 678. 840 

Valley  station,  bridge  of  Newport  and  Sherman  Valley  Railroad,  in  southwest  bridge  seat; 
bronze  tablet  stamped  " 717  ADJ  1903" 717.360 

Sylvan  station,  0. 25  mile  north  of,  300  feet  south  of  road  forks,  wooden  bridge  over  Little  Buf- 
falo Creek,  northwest  comer  of  north  abutment;  bronze  tablet  stamped  "543  ADJ  1903"  ..      543.300 

Marketville,  covered  bridge  over  Big  Buffalo  Creek,  in  northwest  comer  of  north  abutment; 
bronze  tablet  stamped  "494  ADJ  1903  " 494.  C63 

Juniata  post-office,  near  village  of  Milf  ord.  80  feet  east  of  covered  bridge  over  Big  Buffalo  Creek, 
top  of  wing  wall  of  small  bridge;  bronze  tablet  stamped  "  441  AD  J  1903  " 440. 640 

Newport,  square  cut  on  tank  house  ( Pennsylvania  Railroad  bench  mark) 396. 296 

Newport,  Little  Buffalo  Creek  Bridge,  northeast  wing  wall;  copper  bolt  (Pennsylvania  Rail- 
road bencli  mark) *. . ; 394. 179 

Newport,  in  southeast  wing  wall  of  Little  Buffalo  Creek  Pennsylvania  Railroad  bridge;  bronze 
tablet  stamped  "394  ADJ  1903" 391.187 
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MILLER8TOWN   QUADRANGLE. 
TH0MP80NT0WN,  NORTH  ALONO  mOHWAT,  TO  EAST  SALEM.      (TWO  DIRECT  LINES.) 

Feet. 
Thompson  town,  north  abutment  of  overhead  bridge;  Pennsylvania  Raikoad  bench  mark. . .      420. 188 
Thompson  town,  Emmanuel  Lutheran  Church,  in  stone  step;  bronze  tablet  stamped  "465 

ADJ1903" 464.810 

East  Salem,  top  of  stone  step  of  schoolhouse;  bronze  tablet  stamped  "630  AD  J  1903  " 620.020 

MILLERSTOWN.  NORTHEAST  ALONO  HIGHWAY  TO  PFOUT8  VALLEY,  THENCE  SOUTH  TO 
BERLEE,  THENCE  SOUTHWEST  TO  POINT  OPPOSITE  OLD  FERRY  STATION,  THENCE 
NORTHWEST  TO  MILLER8TOWN. 

Mlllerstown,  overhead  bridge,  Pennsylvania  Railroad  bench  mark 409. 267 

Millerstown,  in  foimdation  of  the  Ward  House;  bronze  tablet  stamped  "432  AD  J  1903  " 432.302 

Pfouts  Valley,  in  east  foundation  of  post-ofQoe;  bronze  tablet  stamped  "694  AD  J  1903  " 694. 327 

Bcrlee  (discontinued  post-office),  800  feet  northeast  of,  in  east  side  of  foundation  of  school- 
house;  bronze  tablet  stomped  "504  ADJ  1903^' 503.840 

Old  Ferry  stotion,  opposite,  in  southwest  comer  of  foundation  of  bam;  bronze  toblet  stomped 

"428  ADJ  1903" 427.957 

MILLERSTOWN,  NORTH  ALONG  HIGHWAY,  TO  EVENDALE,  THENCE  EAST  TO  ORIENTAL, 
THENCE  SOUTH  TO  PFOUTS  VALLEY. 

Evendalo  post-office,  brick  house  of  J.  II.  Yodira,  in  northeast  comer  of  foundation;  bronze 

toblet  stomped  "714  ADJ  1903  " 714. 561 

Richfield,  northwest  comer  of  Richfield  Lutheran  Church,  in  foundation  stone;  bronze  toblet 

stomped  "658  ADJ  1903" 658.012 

Orien  tol  post-office,  4  miles  west  of,  4  miles  east  of  Richfield,  in  abutment  of  bridge  over  Mahan- 

tango  Creek;  bronze  toblet  stomped  "553  ADJ  1903" 553.062 

Orien  tol  post-office,  300  feet  west  of,  in  wing  wall  of  wood  and  iron  bridge ;  bronze  toblet  stomped 

"468  ADJ  1903" 467.926 

EVENDALE,  SOUTHWEST    ALONG    HIOHWAY,  TO    BROWN'S    MILL    (COCOLAMUS    POST- 
OFFICE)   AND  RETURN. 

Cocolamus  post-office  (Brow's  mill),  just  below,  in  wing  wall  of  iron  bridge  over  Cocolamus 
Creek;  bronze  toblet  stamped  "636  ADJ  1903" 636.144 

CUMBERLAND,  FRANKLIN,  AND  YORK  COUNTIES. 

CABLISLE,  GHAMBERSBURG,  HANCOCK,  AND  HEBCEB8BUHG  (^ADBANGLES. 

The  elevations  in  the  following  list  are  based  upon  various  bench  marks  of  the  transcon- 
tinental precise-level  line  of  the  United  States  Coast  and  Oeodetic  Survey  and  accord  with 
the  latest  adjustment.  They  are  referred  to  an  aluminum  tablet  in  the  State  Library  at 
Harriaburg;  stamped  "364  HARRISBURG  1899,"  the  elevation  of  which  is  now  accepted 
as  363.975  feet  above  mean  sea  level.  The  work  was  previously  reported  upon  in  Bulletin 
No.  185. 

The  leveling  was  done  in  1900.  under  the  direction  of  Mr.  R.  D.  Cummin,  topographer,  by 
Mr.  F.  M.  Taylor,  levclman.  The  standard  bench  marks  are  stamped  with  the  letters 
'MIARRISBURG,"  in  addition  to  the  figures  of  elevation.  The  bench  mark  near  Sylvan 
was  set  by  a  double-targeted  line  from  Cherry  Run,  W.  Va.,  and  is  stamped  **C,"  referring 
to  Cumberland  datum. 

CARUSLB  QUADRANGLE. 
CARUSLE,  VIA  MOUNT  HOLLY,  TO  IDAVILLE. 

Mount  Holly  Springs,  in  southwest  comer  of  Philadelphia  and  Reading  sta  tion ;  bronze  tablet    Feet, 
stamped  "656  HARRISBURG  1900" 555.640 
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IDAVILLE,  VIA  YORK  8PRINQS  AND  DILLSBURO,  TO  MECHANICSBURQ. 

Feet. 

Idaville,in  east  side  of  P.  L.  Houck's  house;  bronze  tablet  stamped  "805  HARRISBURQ 
1900" 805.175 

York  Springs  In  southwest  comer  of  brick  hall;  bronzetablet  stamped  "607  HARRISBURO 
1900" 606.673 

Dillsburg,  in  southwest  comer  of  brick  schoolhouse;  bronze  tablet  stamped  "613  HARRIS- 
BURG  1900" 613.271 

Mechanicsburg,  west  side  of  brick  high  school,  at  right  front  entrance;  bronze  tablet  stamped 
"456  HARRISBURQ  1900" 455.929 

MECHANICSBURG  TO  CARUSLE. 

New  Kingston,  curbstone  in  front  of  Doctor  Faulk's  house;  chiseled  cross 453. 55 

MOUNT  HOLLY  TO  WILUAMS  GROVE. 

Leidi^s  station.  0.33  mile  east  of,  right  side  of  track,  capstone  of  abutment  of  bridge;  chiseled 
mark 451.91 

CUAMBERSBUBO   QUADRANGLE. 
CHAMBER8BURG  TO  FAYETTEVILLE. 

Fayettevllle,  in  foundation  stone  east  side  of  Union  brick  church;  bronze  tablet  stamped  "792 
HARRISBURQ  1900" 791.90 

CHAMBERSBXmG,  VIA  SCOTLAND  AND  GREENVILLE,  TO  WEST  FAYETTEVILLE. 

Scotland,  southeast  wing  wall  of  bridge  over  Conococheague  Creek,  between  Soldiers'  Orphans 
Industrial  School  and  Scotland  station ;  capstone,  chiseled  cross 670. 88 

Qreen  Village,  in  southeast  comerstone  of  brick  schoolhouse;  bronze  tablet  stamped  "678 
HARRISBURQ  1900" 678.157 

GREENCASTLE,  VIA  MARION  JUNCTION,  TO  MERCERSBURG  JUNCTION. 

Marion  Junction,  1  mile  west  of,  Cumberland  Valley  Railroad,  southwest  of  milepost  60;  top 
of  iron  8upi>ort  of  standard 578. 24 

GREENCASTLE,  TO  WAYNESBORO. 

ZulUnger,  stone  horse  block  in  front  of  Louis  Ilovis's  house;  chiseled  cross 748. 55 

FAYETTEVILLE  TO  WAYNESBORO. 

Mount  Alto  (Funkstown  or  Altondale),  entrance  to  M.  E.  Church,  in  left  side  of  stone  step; 

aluminum  tablet  stampe^l  "848  HARRISBURQ  1900" 847.625 

Waynesboro,  in  stone  in  north  foundation  of  Western  Maryland  Railroad  station:  aluminum 

tablet  stamped  "712  HARRISBURQ  1900" 712.061 

HANCOCK   QUADRANGLE. 

CHERRY    RUN,    W.   VA.,    NORTH    ALONG     HIGHWAYS    THROUGH    MARYLAND    TO    NEAR 

SYLVAN,   PA. 

Sylvan,  1.5  miles  south  of,  in  south  side  of  Yeakle  iiiill,  near  southwest  comer,  5  feet  above  I 

ground,  in  foundation  stone;  aluminum  tablet  stamped  " 407  C " 466.835 

MERCERSBURG   QUADRANGLE.  I 

CHAMBERSBURG  TO  LOUDON.  I 

St.  Thomas,  in  northeast  comerstone  of  brick  hotel;  bronze  tablet  stamped  "645  HARRIS- 
BURQ 1900" 644.835  I 

LOITDON  TO  RICHMOND. 

Loudon,  1.25  miles  north  of,  cast  side  of  capstone  of  culvert:  chiseled  cross 617.14 

Richmond,  in  southeast  comerstone  of  schoolhouse  foundation;  bronze  tablet  stamped  "676 
HARRISBURQ  1900' 676.346  | 

LOUDON.  VIA  MERCKRSnURG  JUNCTION,  TO  MERCERSBURG. 

Mercersburg,  2.5  miles  northeast  of,  at  southeast  comer  of  rtiilroad  bridge  over  west  branch  of 
Conococheague  Creek;  capstone,  chiseled  square 530.90 


1 

i 
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IfERCERSBURQ  TO  COVE  GAP. 

Feet. 
Mercersburg,  1.75  miles  west  of,  Fruit  Iliil  schoolhouse  near  northwest  comer  of  foundation; 
chiseled  cross 705.23 

MERCERSBURG,  \aA  UPTON,  TO  GREENCASTLE. 

Mercersburg,  Mercersburg  Academy,  in  northwest  comer  of  dining  hall;  aluminum  tablet 
stamped  "SOS  HARRISBURG  1900" 505.029 

Mercersburg,  1  mile  east  of,  stone  in  front  of  tollgate  house;  chiseled  cross 558. 03 

Upton,  in  southeast  comerstone  of  brick  schoolhouse;  aluminum  tablet  stamped  "620  PIAR- 
RISBURG1900" 619.834 

Qreencastle,  0.75  mile  west  of,  schoolhouse  at  comer  of  roads,  in  foundation  stone;  chiseled 
cross 550.84 

BEDFORD,  BLAIR.  AND  HUNTINGDON  COUNTIES. 
ETEKETT,  HOLLIDAYSBlRti,  AHD  HlNTINtiDON  (jlIADHANtiLES. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum  tablet  placed  in  the 
front  of  the  State  Library  at  Harrisburg,  Pa.,  stamped  "364  IIARRISBURG  1899,"  the 
elevation  of  which  is  now  accepted  as  363.975  feet  above  mean  sea  level  in  accord  with  the 
lat(st  adjustment.  The  initial  points  upon  which  these  levels  depend  are  various  bench 
marks  along  precise-level  lines  of  the  Pennsylvania  Railroad. 

The  leveling  on  the  Everett  and  Hollidaysburg  quadrangles  was  done  in  1900,  and  that 
on  the  Huntingdon  quadrangle  was  done  in  1901,  under  the  direction  of  Mr.  A.  M.  Walker, 
topographer,  by  Mr.  F.  M.  Taylor,  levehnan.  The  standard  bench  marks  dependent  on  this 
datum  are  stamped  with  the  letters  "HARRISBURG"  in  addition  to  the  figures  of  eleva- 
tion. 

EVERETT  QUADRANGLE. 
MOUNT  DALLAS,  VIA  HUNTINGDON  AND  BROADTOP  RAILROAD,  TO  COVE. 

Mount  Dallaa,  Pennsylvania  Railroad  bridge  over  Juniata  Itiver,  southwest  abutment;  chis-  Feet. 

eled  square  in  stone 1, 046. 49 

Everett,  in  northeast  comer  of  front  wall  of  Union  Hotel;  aluminum  tablet  stamped  "  1015 

HARRISBURG" 1,016.853 

Everett,  2.7  miles  north  of,  Huntingdon  and  Broad  top  Railroad  bridge  over  highway  and 

stream,  southeast  comer  top  stone  of  north  abutment;  bronze  Uiblet  stamped  "  1097  HAR- 
RISBURG"   1,097.766 

Cypher  station,  1,310  feet  east  of,  iron  railroad  bridge  over  Jimiata  River,  west  wing  wall, 

coping  stone;  chiseled  square 928.09 

Cypher,  2.6  miles  north  of,  300  feet  west  of  eleventh  milopost,  stone  culvert  near  water  station, 

east  wing  wall;  chiseled  square 897. 22 

Hopewell,  75  feet  north  of  station,  I.  O.  O.  F.  Block,  in  southwest  corner  of  south  wall;  bronze 

tablet  sUmped  "902  HARRISBURG  " 901 . 828 

Riddlesburg,  500  feet  north  of  station,  stone  culvert  over  creek,  on  southeast  comer  coping 

stone;  chiseled  square 860. 82 

Saxton,  comer  of  Church  and  Litetis  streets,  in  center  of  north  wall  of  schoolhouse;  aluminum 

tablet  stamped  "918  HARRISBURG  " 917.664 

Saxton,  1.5  miles  north  of,  culvert  over  highway,  northeast  comer  of  east  abutment,  coping 

stone;  chiseled  square 877. 21 

Foxtx)n  post-office.  Cove  station,  stone  culvert  over  creek  and  highway,  east  wall,  3  fwt  above 

surface  of  liighway ;  bronze  tablet  stamped  "906  HARRISBURG  ' 906. 118 

HENRIETTA,  WEST  TO  CURRYVILLE,  THENCE  SOUTH,  ALONG  RAILROAD.  TO  STEELTOWN. 

Woodbury,  brick  schoolhouse,  at  northwest  comer  of  foundation;  bronze  tablet  stamped 
"1292  HARRISBURG" 1,201.444 

Loysburg.  northeast  comer  front  foundation  of  M.  E.  Church;  bronze  tablet  stamped  "  1127 
HARRISBURG  " 1, 126. 794 

Steeltown,  0.1  mile  northeast  of,  bottom  step  of  front  entrance  to  Steele's  flouring  mill,  square 
6tone;  chiseled  mark , ,.r 937. 95 
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HOLLIDATSBURG  QUADRANGLE. 

HEKRIETTA,    VIA    IfABTINSBURO    AND    HOLUDAYSBURO,  TO    ALTOONA,   BEINO    SPUR 
LINES  FROM   PENNSYLVANIA  RAILROAD  BENCH  MARKS. 

Feet. 

Henrietta,  foundation  at  north  end  of  Pennsylvania  Railroad  passenger  station  shelf  in 

rock  (Pennsylvania  Railroad  bench  mark  No.  20) 1, 394. 219 

Henrietta,  passenger  station  of  Morrisons  Cove  Branch  of  Pennsylvania  Railroad,  comer  of 

foundation;  bronze  tablet  stamped  "  1303  HARRISBURO*' 1,392.959 

Martinsburg,  Morrisons  Cove  Bank,  north  wall,  northeast  comer  of  foundation  stone;  bronze 

tablet  stamped  **  1407  HARRISBURO  " 1, 407.250 

Roaring  Spring,  Church  of  God,  comer  stone  of  northwest  comer  of  building;  bronze  tablet 

stamped  "1237  HARRISBURO" 1,236.603 

Hollidaysburg,  Blair  County  court-house,  near  soldiers'  monument,  northeast  comer  of 

front  wall  of  foundation;  aluminum  tablet  stamped  "  1010  HARRISBURO  " 1,010.274 

Canaan  station,  Pennsylvania  Railroad,  rod  brick  schoolhouse,  in  front  wall,  3  feet  west  of 

door;  bronze  tablet  stamped  "  1075  HARRISBURO  " 1,075.001 

MARTINSBURO,  \1A  WILLIAMSBURG,  TO  FRANKUN  FORGE. 

Martinsburg,  0.75  mile  south  of,  north  leg  of  east  end  of  culvert,  in  top  stone;  copper  bolt 
(Pennsylvania  Railroad  bench  mark  No.  16) 1,343. 12 

HUNTINGDON   QUADRANGLE. 

Williamsburg,  northwest  comer  of  brick  schoolhouse,  in  corjier  stone;  bronze  tablet  stamped 
"884  HARRISBURO" 884.287 

Franklin  Forge,  south  abutment  of  Bridge  No.  24,  southea  st  comer  of  bridge  seat;  bronze 
tablet  stamped  "882  HARRISBURO" 862.225 

HUNTINGDON,   SOUTHWEST  VIA   PUBLIC   ROAD  AND  BROADTOP  MOUNTAIN  RAILROAD 
(VIA   ENTRIKEN),   TO  COVE  STATION   (FOXTON  POST-OFFICE). 

Huntingdon,  Pennsylvania  Railroad  station,  ladies'  waiting  room,  on  east  window  sill;  chis- 
eled square 624.47 

McConnellstown,  front  face  of  brick  hall  and  band  room;  bronze  tablet  stamped  "716  HAR- 
RISBURO"       715.350 

Marklesburg  (James  Creek  post-office),  front  face  of  brick  schoolhouse;  aluminum  tablet 
stamped  "917  HARRISBURO" 916.671 

Foxton  (Cove  station),  in  face  of  north  wall  of  overhead  bridge;  bronze  tablet  stamped  "906 
HARRISBURO  1901" 906.118 

ENTRIKEN,  SOUTHEAST  ALONG    HIGHWAY  TO  CASSVILLE,  THENCE  NORTH    TO  HUNT- 
INGDON. 

Trough  Creek,  2  miles  north  of,  at  Paradise  furnace,  IT.  P.  Reynolds's  stock  farm,  southwest 
comer  of  foundation  of  large  barn,  in  south  face  of  comer  stone;  bronze  tablet  stamped  "959 
HARRISBURO" 959.336 

Cassville,  100  feet  east  of  post-office,  northwest  comer  of  brick  store  of  Sarah  A.  Heaton; 
bronze  tablet  stamped  "  1247  HARRISBURO  " 1,246.490 

Finks  Bridge,  2.5  miles  east  of,  on  south  side  of  road:  point  on  top  of  large  rock  stamped  "  U  " 
on  east  side  and  "  P  "  on  west  side  (township  boundary  post) 1,670.52 

Hawns  Bridge,  500  feet  cast  of,  at  Lutheran  brick  church,  in  face  of  stone  doorstep  of  entrance; 
aluminum  tablet  stamped  "664  HARRISBURO  1901" 664.333 

Huntingdon,  in  water  table  near  main  entrance  of  court-house;  aluminum  tablet  stamped 
"642  HARRISBURO  1901" 642.319 

CENTER,  CLEARFIELD,  INDIANA,  AND  JEFFERSON  COUNTIES. 

CLEARFIELD,  (IIKWE.>8YILL1<:,  HODTZDALK,  MARION  (KKTEB,  PLNXSUTAWNKY,  AND 
PHILIPSBUBU  qiADBANULES. 

The  elevations  in  the  following  list^  are  based  upon  an  aluminum  tablet  in  the  foundation 
of  the  Seventh  Avenue  Hotel,  Pittsburg,  Pa.,  marked  "738  PITTSBURG  1899",  the  eleva- 
tion of  which  is  now  accepted  as  738.384  feet  above  mean  sea  level.  The  initial  points  upon 
which  these  levels  depend  are  various  bench  marks  along  precise-level  lines  of  the  Pennsyl- 
vania Railroad,  the  heights  accepted  having  been  determined  by  the  1903  adjustment. 
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The  double-rodded  line  from  Tyrone  through  these  quadrangles  was  run  in  1902  under  the 
direction  of  Mr.  Frank  Sutton,  by  Mr.  Ira  M.  Flocker,  levelman,  and  the  remainder  of  the 
work  on  the  Houtzdale  and  Curwensville  quadrangles  was  done  in  1902  under  the  direction 
of  Mr.  Sutton,  by  Mr.  Charles  Hartman,  jr.,  levelman.  The  remainder  of  the  work  on  the 
Punxsutawney  quadrangle  was  done  in  1902  by  Mr.  George  Seidel,  levelman.  All  standard 
bench  marks  dependent  on  this  datum  are  stamped  '* PITTSBURG''  in  addition  to  the  fig- 
ures of  elevation. 

PHIUPSBURQ   QUADRANGLE. 

Feet. 

Summit,  800  feet  south  of,  300  feet  south  of  milepost  13,  Pemisylvaiiia  and  Northwestern  Rail- 
road, west  of  track,  top  of  bank,  In  top  of  stone;  bronze  tablet  stamped  "2045  PITTS  ". . .  2,044.653 

Philipsborg,  in  northeast  capstone  of  bridge  over  Moshannon  Creek;  aluminum  tablet  stamped 
"1428  PITTSBURG" , 1,427. 7C8 

HOUTZDALE  QUADRANGLE. 

08CB0LA  MILL8,  ALONG  PENNSYLVANIA  AND  NOBTUWESTSaN  RAILROAD,  TO  BECCARIA. 

Osceola  Mills,  highway  bridge  over  Moshannon  Creek,  in  southeast  wing  wall;  aluminum  tablet 

stamped  "1461  PITTSBURG" 1,460.491 

Sterling,  0.1  mUe  southwest  of,  0.5  mile  northeast  of  Houtzdale,  Bridge  No.  304,  in  south  end 

of  west  abutment;  aluminum  tablet  sUmped  ' *  1500  PITTS  " 1 ,499.613 

Houtzdale,  crossing  at  station ;  top  of  rail 1 ,518 

McCauley,  crossing  at  station ;  top  of  rail 1 ,536 

West  Moshannon,  crossing  at  station ;  top  of  rail 1 ,540 

Kendrick,  crossing  at  station;  top  of  rail 1 ,553 

Beulah,  crossing  at  station ;  top  of  rail 1 ,576 

Smoke  Run,  0.1  mOe  east  of,  Bridge  No.  309,  in  north  end  of  east  abutment;  aluminum  tablet 

stamped  "1351  PITTS" 1,35L033 

Beccaria,  at  crossing;  top  of  rail 1 ,374 

08CI0LA  MILLS,  NORTH  ALONG  PENNSTLVANLA.  RAILROAD  AND  BEECH  CREEK  RAILROAD. 

Blueball,  comer  stone  of  water>tank  house,  beside  station;  bronze  tablet  stamped  "1544 
PITTSBURG" 1,543.710 

Woodland,  200  feet  north  of  station,  in  southeast  capstone  of  Pennsylvania  Railroad  Bridge 
No.  217;  bronzeUbletstampod  "1463  PITTSBURG" 1,463.024 

CLEARFIELD  JUNCTION,  SOUTH  ALONG  BEECH  CREEK;  RAILROAD,  CLEARFIELD  RAIL- 
ROAD, PUBLIC  ROADS,  AND  PENNSYLVANIA  RAILROAD,  VIA  CLEARFIELD  BRIDGE, 
FAUNCE,  AND  BELSENA  MILLS,  TO  SMOKE  RUN. 

Clearfield  Bridge,  1.3  miles  north  of,  railroad  Bridge  No.  28,  near  crossing,  on  northwest  cap- 
stone; chiseled  square 1, 163. 20 

Clearfield  Bridge,  over  Clearfield  Creek,  in  northwest  capstone  of  highway  bridge;  bronze  tab- 
let stamped  "1172  PITTSBURG" ^ 1,171.936 

Faunoe,  in  northwest  capstone  of  highway  bridge  over  Clearfield  Creek;  bronze  tablet  stamped 
"1250  PITTSBURG" 1,250.023 

'  auDoe,  3.25  miles  west  of,  southwest  comer  of  church;  cut  on  top  of  foundation  wall 1 ,613. 31 

Belsena  Mills,  in  northeast  capstone  of  turntable;  bronze  tablet  stamped  "  1335  PITTS- 
BURG"   1,3*1.507 

Smoke  Run,  in  southeast  top  capstone  of  railroad  Bridge  No.  39;  aluminum  tablet  stamped 
"1351  PITTSBURG" ^ 1,351.033 

Susquehanna  Bridge,  railroad  station,  Pennsylvania  Railroad  bridge  over  Susquehanna  River 
on  northeast  capstone;  chisel  mark 1, 125.03 

OUBWENSVILLE   QUADRANGLE. 
COALPORT,  ALONG  PENNSYLVANIA  AND  NORTHWESTERN  RAILROAD,  TO  MAHAFFET. 

Coalport,  0.5  mile  northwest  of,  Cambria  and  Clearfield  Railroad  bridge  across  Clearfield 

Creek,  north  abutment,  east  end  bridge  seat;  bronze  tablet  stamped  "  1378  PITTS  " 1, 377. 565 

Irvona,  road  crossing  at  station;  top  of  rail 1 ,380 

Berwinsdale  crossing  at  station;  top  of  rail 1,653 

Berwlnadale,  0.2  mile  northwest  of,  in  west  end  of  south  abutment  of  culvert,'in  corner  stone; 

aluminum  tablet  stamped  "  1543  PITTS " 1,542.800 

Lajose,  crossing  east  of  station;  top  of  rail 1 ,315 

Bull.  288—06 3 
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Lajose,  between,  and  Lajoso  junction,  railroad  Brid^  No.  33,  in  northwest  coping  stone;  alu- 
minum tablet  stamped  *  *  1297  PI  TT8  " 1 ,298.  SOI 

Ostend,  at  crossing;  top  of  rail 1 ,387 

Mahaffey,  Pennsylvania  and  Northwestern  Railroad  bridge  over  Susquehanna  River,  In  cop- 
ing stone  at  east  end,  south  abutment;  aluminum  tablet  stamped ' '  1272  PITTS  " 1,271. 713 

MAHAFFEY,    EAST  ALONG   NEW  YORK    CENTRAL   AND    HUDSON    RIVER    RAILROAD,  TO 
CLEARFIELD  BRIDGE. 

Curry  Run,  railroad  bridge  over  Susquehanna  River,  in  north  end  south  abutment;  bronze 
tablet  stamped  "1222  PITTS" 1,221.275 

Kerrmoor,0.1  mile  west  of,  in  north  end  south  abutment  of  raUroad  Bridge  No.  44;  bronze 
tablet  stamped  *'  13.56  PITTS  " 1,355. 957 

Olanta, in  northwest  abutment  of  highway  bridge  over  Clearfield  Creek;  bronze  tablet  stamped 
••1296  PITTSBURG" 135.266 

CURWENSVILLE,  ALONG  PENNSYLVANIA  RAILROAD,  TO  GRAMPIAN. 

Curwensville,  0.2  mile  east  of,  in  step  of  abutment  of  Buffalo,  Rochester  and  Pittsburg  Rail- 
road bridge;  bronzetabletstamped"  1143  PITTS" 1,142.668 

Grampian,  highway  bridge  over  Little  Anderson  Creek,  in  southeast  capstone  of  east  abut- 
ment; bronze  tablet  stamped  "1535  PITTSBURG" 1,535.225 

LAJOSE,  SOUTH  ALONG  PENNSYLVANIA  RAILROAD,  TO  WE8TOVER. 

Westover,  northwest  comer  of  Baptist  Church,  top  cornerstone  of  foundation,  in  west  Due; 
bronze  tablet  stomped  "1388  PITTSBURG" 1,368.114 

CLBABFIELD  QUADRANGLE. 
CLEARFIELD  JUNCTION,  NORTH  ALONG  PENNSYLVANIA  RAILROAD,  TO  CLEARFHELD. 

Clearfield,  2.3  miles  south  of,  Pennsylvania  Railroad  bridge  over  the  New  York  Central  and 

Hudson  River  Railroad;  chiseled  cut  in  abutment 1, 129. 40 

Clearfield,  0.1  mile  south  of  office  of  New  York  Central  and  Hudson  River  Railroad  stotion, 

highway  bridge  over  the  Susquehanna  River,  in  coping  of  the  northeast  wing  abutment; 

aluminum  toblet  stomped  "1113  PITTSBURG" 1,112.386 

Riverview,  h^way  bridge  over  Susquehanna  River,  on  the  southwest  capstone;  chiseled 

mark 1,113.14 

PUNX8UTAWNEY   QUADBANOLE. 

M'GEES  MILLS,  ALONG  PENNSYLVANIA    AND    NORTHWESTERN  .RAILROAD,  TO    PUNX- 

8UTAWNEY. 

McGees  Mills,  in  front  of  stotion;  top  of  rail 1,307 

Sydney,  0.5  mUe  northwest  of,  in  top  of  rock,  east  of  track;  bronze  toblet  stamped  "1622 

PITTS" ». 1,621.624 

Flynn,  crossing;  top  of  rail 1, 608 

Winslow,  southeast  comer  of  stotion,  in  top  of  stone;  aluminum  tablet  stomped  * '  1649  PITTS"  1, 648. 127 

Elbell,  crossing  at  stotion;  top  of  rail 1, 483 

Canoe  Creek,  crossing  at  stotion;  top  of  rail 1, 280 

Punxsutowncv,  in  northeast  wing  wall  of  Mahoning  Street  Bridge;  aluminum  toblet  stamped 

"1236  PITTS" 1,235.906 

t^unxsutowney,  in  front  of  stotion;  top  of  rail 1,236 

CraCRRY  TREE   (GRANT    POST-OFFICE),  NORTH    ALONG    PUBUC  ROAD  AND  RAILROAD, 
VIA  PATCHINSVILLE  AND  BURN81DE.  TO  M'GEES  MILLS. 

Patchinsville,  grain  house  opposite  post-oflice,  southwest  comer  of  foundation  wall;  alumi- 
num toblet  8tami>od  "1370.PITTS" 1,360.367 

Buraside,  upper  iron  bridge  over  river,  northwest  abutment;  bronze  toblet  stomped  "1328 
PITTS  " 1, 327. 388 

Glen  Campbell,  abutment  of  Bridge  No.  42,  at  intersection  of  Brady  Run  and  Cush  Creek; 
bronze  toblet  stamped  "  1344  PITTS  " 1,343.830 
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BOSSrm  JimCTION,  south    along    RAILBOAD    and    PUBUG    BOAIM,  via  ROS8ITKR 
STATION  AND  ROCHESTER   MILLS,  TO  ORO  rOST-OFflCE. 

FMt. 

RoasUBT  station,  350  feet  north  of,  west  aide  of  track,  west  end  of  culvert:  copper  bolt  stamped 

••1324  PITTS" 1,323.585 

Rochester  MiUs  (Richmond),  iron  bridge «  over  Little  Mahonizig^ Creek,  southwest  abutment; 

bronze  tablet  (stamping  obliterated) 1, 273 

East  Run,  0.2  mile  west  of  post-oflk»:  south  side  of  road,  flat  rook  near  blasksmith^  shop; 

aluminum  tablet  sUmped^*  PITTS  1539" 1,538.203 

* 
MARION  OENTKR  QDAJUUJIOLK. 

VALIER,  ALONG  PENNSYLVANIA  AND  NORTHWESTERN  RAILROAD,  TO  GOODVILLE. 

Valier,  road  crossing;  top  of  rail 1 ,  225 

Hamilton,  road  crossing;  top  of  rail 1, 190 

Hamilton,  00  feet  west  of,  5  feet  south  of  track,  in  top  of  largo  rook;  aluminum  tablet  stamped 

•1188  PITTSBURG" 1,187.015 

Loop.  0.25  mile  west  of;  high  bridge  over  Mahoning  Creek,  in  south  end  of  oast  abutment;  altnni- 

uum  tablet  stamped  "1183  PITTS" 1,182.4M 

Ooodville,  crossing  at  station ;  top  of  rail 1,215 

Dayton,  900  feet  west  of  station,  northwest  wing  wail  of  Buffalo,  Rochester  and  Pittsburg 

Railroad  bridge  over  small  stream,  on  second  coping  stone;  aluminum  tablet  stamped  *'  1321 

PITTSBURG" ,  1,326.118 

BEDFORD,  BLAIR,  CAMBRIA,  INDIANA,  AND  SOMERSET  COUNTIES. 

ALTOONA,  BABIIIKBOWK  BBINrOBIK  KBENSBIJBtt^  JOHHSTOWN^  PATTON,  AMA  TTBOIIE 

qVADRANtiLKS. 

The  elevations  in  the  foUowing  list  are  based  upon  an  aiumimim  tablet  in  the  foundation 
of  the  Seventh  Avenue  Hotel,  Pittsburg,  Pa.,  marked  *'  738  PITTSBURG,"  1899,  the  eleva- 
tion of  which  is  now  accepted  as  738.384  feet  above  mean  sea  level.  The  initial  points 
upon  which  these  levels  depend  are  various  bench  marks  along  the  precise-level  lines  of  the 
Pennsylvania  Railroad,  the  accepted  heights  having  been  determined  by  the  1903  adjust- 
ment. 

The  work  on  the  Bamesboro  quadrangle  was  done  under  the  direction  of  Ifr.  Frank  Sut- 
ton, topographer;  partly  in  1901  by  Mr.  J.  H.  Wetzel,  levelman,  and  partly  in  1902  by 
Mr.  George  Seidel,  levelman.  Mr.  Seidel  also  did  the  leveling  on  the  Johnstown  quadrangle 
in  1902.  The  work  on  the  Bedford  and  Ebensburg  quadrangles  was  done  in  1901  under  the 
direction  of  Mr.  A.  M.  Walker,  topographer,  by  Mr.  J.  B.  MoGuire,  levelman.  The  Patton 
quadrangle  was  partly  leveled  in  1901  by  Mr.  F.  M.  Taylor,  levelman,  under  the  directiMi  of 
Mr.  A.  M.  Walker,  topographer,  the  work  being  completed  in  1902  by  Mr.  Charles  Hartman, 
jr.,  levelman,  under  the  direction  of  Mr.  Frank  Sutton,  topographer.  All  standard  bench 
marks  dependent  upon  this  datum  are  stamped ''  PITTSBURG  "  in  addition  to  the  figures  of 
elevation. 

TYRONE  QUADRANGLE. 

TTKONB,  ALONG  PINNSTLVANLl  RAILROAD  AND    PENNSYLVANIA   AND  NORTHWK8TERN    RAILROAD,    TO 
VAN8COYOC   (DOUBLE-RODDED  UNE). 

Feet. 
Tyrone,  In  front  of  paaaenger  station;  chiseled  shelf  in  base  course  (Pennsylvania  Railroad 

bench  mark  No.  110) 910.69 

Tyrone,  2  miles  north  of,  northeast  wing  wall  of  Bridge  No.  5;  chiseled  square 941. 28 

Vail,  in  front  of  station ;  top  of  rail 989 

Vanscoyoc,  just  southeast  of,  100  feet  southeast  of  cut,  15  feet  north  of  track;  chiseled  square 

in  top  of  rock 1 ,  395. 80 

ALTCX>NA  QUADRANGLE. 

Utahville,  in  front  of  station;  top  of  rail 1,669 

o  Owing  to  reconstruction  of  this  bridge  the  elevation  may  be  erroneous. 
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PATTON,  EAST  ALONQ  PUBUC  ROAD,  TO  FRUGALITY. 

Feet. 
Frugality,  0.25  mile  south  of,  west  end  of  south  abutment  of  railroad  Bridge  No.  408,  at  junc- 
tion of  wye  track,  on  capstone;  chiseled  cross 1,475.53 

PATTON   QUADRANGLE. 

Coalport,  crossing  at  station ;  top  of  rail 1 ,  414 

OALUTZIN,  NORTHWEST  VIA  PtJBUC  ROAD  TO  LORETTO,  THENCE  WEST  TO  EBEN8BURG. 

Loretto,  northeast  comer  of  Catholic  Church,  on  comer  of  lowest  step;  cross  cut 1,942.60 

Wintersct  station,  at  road  crossing;  top  of  north  rail 2,  111 

LORETTO.o  VIA  PUBLIC  ROAD  TO  PATTON,  THENCE  WEST  TO  ELlfORA. 

Cnest  Springs,  southeast  comer  of  frame  schoolhouse,  on  comer  stone  of  foundation;  bronze 
tablet  stomped"  1960  H  A  RRISBURO" 1,968.600 

Patton,  2  miles  southeast  of,  Clarke  schoolhouse,  southeast  comer  of  cloak  room,  on  face  of 
foundation  comer  stone;  crosscut 1,945.83 

Patton,  main  entrance  to  Oood  Building,  stone  at  right  side;  aluminum  toblet  stamped  "  1756 
PITTSBURG" 1,755.348 

Carroll  town,  at  left  entrance  steps  to  St.  Benedict's  Catholic  Church,  on  comer  stone  of  foun- 
dation wall;  square  and  cross  cut : 2,173.32 

Elmora,  600  feet  south  of,  in  valley,  southwest  comer  of  schoolhouse,  In  foundation  stone; 
aluminum  toblet  stamped  "1765  PITTSBURG" 1,764.016 

PATTON,  VIA  PXJBUC  ROAD,  NORTH  TO  HASTINGS,  THENCE  WEST  TO  BARNB8BORO. 

Hastings,  opera  house,  northeast  comer  of  foundation,  north  face  of  top  comer  stone;  alumi- 
num toblet  stamped  "  1736  HARRISBURG  " 1,734.653 

HASTINGS.  NORTH  ALONG  HIOHWAT.  TO  WESTOVER. 

Garway,  1.7  miles  north  of,  north  side  of  railroad  Bridge  No.  28,  on  masonry;  chiseled  cross.  1,360.90 

FRUGALITY,  SOUTH  ALONG  CAMBRIA  AND  CLEARHELD  RAILROAD,  TO  BYBBRTON 

Frugality,  2.5  mOes  south  of,  crossing  at  Dean  station,  100  feet  south  of  north  abutment  of 
railroad  bridge  No.  407,  west  capstone;  chiseled  square 1,514.30 

AshvUle^  0.1  mile  south  of,  on  last  capstone  middle  pier  of  railroad  Bridge  No.  403;  chiseled 
square 1,643. 41 

Syberton,  0.25  mile  west  of,  east  abutment  of  iron  bridge  across  Clearfield  Creek,  on  west  cop- 
ing stone  of  north  comer;  cross  cut 1 ,  764. 85 

BABNESBORO  QUADRANGLE. 

Cookport,  southwest  of  McCoy's  store,  top  of  stone  over  cellar  door;  aluminum  toblet  stomped 
"1609  PITTSBURG" 1,606.602 

COOKPORT,  EAST  ALONQ  PUBUC  ROADS,  TO  CHERRY  TREE  (GRANT  POST-OFFICE). 

Cherry  Tree,  railroad  Bridge  No.  314,  southeast  end  of  bridge  seat;  aluminum  tablet  stamped 
"1366  PITTSBURG" 1,363.983 

CHERRY  TREE  (GRANT  POST-OFFICE) ,  ALONG  RAILROAD,  VIA  BARNESBORO  AND  ELlfORA, 
TO  EBENSBURG. 

Bamesboro,  0.1  mile  north  of  station,  south  abutment  of  railroad  Bridge  No.  308,  In  east  end 
of  bridge  seat;  aluminum  tablet  stomped  "  1447  PITTSBURG  " 1,445.641 

EBENSBURG,  WEST  ALONG  ROAD  VIA  PINDLETON  AND  STRONGSTOWN,  TO  PENN  RUN. 

Plndlcton  post-ofllce.  in  southeast  comer  of  foundation  of  church;  aluminum  tablet  stamped 
"ZMH  riTTSB U KG  " 2,299. 683 

Stronj^stown,  in  southeast  comer  of  Methodist  church;  aluminum  tablet  stamped  "1890 
PITTSBURG" 1,889.475 

Greenvlllo,  4  miles  southeast  of  2.5  miles  north  of  Nolo,  southwest  comer  of  large  bam  of 
M.  A.  Sleepy,  in  top  of  large  stone;  aluminum  tablet  stamped  "  17i'>  PITTSBURG  " 1,724.600 


a  Loretto  is  checked  by  two  other  lines  from  Cresson. 
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JOKN8TOWN  QUADBANOLE. 
JOHNSTOWN,  SOUTH  ALONG  BALTIMORE  AMD  OHIO  RAILROAD,  TO  INQLK8IDE. 

Feet. 
Johnstown,  at  west  end  of  north  parapet  of  railroad  bridge;  copper  bolt  (Pennsvlvania  Rail- 
road bench  mark) 1,180.27 

Johnstown,  east  end  of  south  parapet  of  Pennsylvania  Kailroad  bridge;  aluminum  tablet 

stamped  "1180  PITTS" 1,180.261 

Johnstown,  railroad  ticket  office,  on  window  sill;  chiseled  shelf  (Pennsylvania  Railroad  bench 

mark) 1,187.60 

Johnstown,  road  crossing  at  Pennsylvania  Railroad  station;  top  of  rail 1,184 

Johnstown,  in  front  of  Baltimore  and  Ohio  Railroad  station;  top  of  rail 1, 169 

IToney  Creek,  road  crossing  at  station;  top  of  rail 1, 194 

Johnstown,  3  miles  south  of,  Baltimore  and  Ohio  Railroad  and  trolley  grade  crossing;  top  of 

rafl 1,191 

Kring,  road  crossing  at  station;  top  of  rail 1,241 

Ingleside,  700  feet  north  of,  northeast  comer  of  small  railroad  bridge;  copper  bolt  marked 
"1275  PITTS" 1,276.610 

INGLESIDE,  NORTHEAST  ALONG  PENNSYLVANIA  RAILROAD,  VIA  ELKTON,  TO  SALIX. 

Scalp  Level, 0.45  mile  north  of,  west  side  of  track,  75  feet  west  of  tool  house,  in  large  sandstone; 

aluminum  tablet  stamped  "1719  PITTS" 1,719.225 

Salix,  870  feet  north  of  station,  imder  Pennsylvania  Railroad  culvert,we8t  wall;  bronze  tablet 

stamped  "2050  PITTS" 2,049.455 

Salix,  railroad  bridge  at  station,  north  parapet,  east  end;  aluminum  tablet  stamped  "2077 

PITTS" 2,077.762 

SEWARD,  NORTHEAST  ALONG  PENNSYLVANIA  RAILROAD,  VIA  VINTONDALE  AND  NANTY 
GLO.  TO  EBENSBURG. 

Seward,  0.17  mile  west  of  V.  K.  tower,  railroad  Bridge  No.  226  over  Plney  Run,  north  parapet, 

east  end  of  arch;  copper  bolt  (Pennsylvania  Railroad  Ixjnch  mark) 1,091. 571 

Seward,  doorstep  of  waiting  room  of  station ;  copper  bolt  marked  ' *  1122  U.S" 1, 122. 145 

Seward,  crossing  at  station;  top  of  rail 1, 120 

Wdirum,  crossing  at  station;  top  of  rail 1,360 

Vintondale,  150  feet  east  of  station,  iron  bridge,  south  end  of  west  abutment;  aluminum  tab- 
let stamped  "  1403  PITTS  " 1,402.741 

Twin  Rocks,  crossing  at  station;  top  of  high  rail 1,668 

Nanty  Qlo,  200  feet  south  of  station,  iron  bridge,  west  end  of  north  abutment;  bronze  tablet 

stamped  "1706  PITTS" l,7a'>.761 

Nanty  Glo,  crossing  at  station;  top  of  high  rail 1, 710 

Beulah  Road,  In  front  of  station;  top  of  rail 1,894 

EBENSBUSO  QUADRANGLE. 
AT  EBENSBURG   (ON  LINE  FROM  GALLITZIN). 

Ebensburg,  west  front  of  court-house,  in  base  of  center  column  of  double  entrance;  aluminum 
tablet  sUmped  "2138  PITTSBURG" 2,138.223 

WILMORE,  SOUTH  ALONG  PUBUC  ROADS  AND  PENNSYLVANIA  RAILROAD,  TO  SALIX. 

Wnmore,  in  front  wall  of  railroad  station;  chiseled  sqnare  (Pennsylvania  Railroad  bench 
mark  No.  14) 1,562.72 

Wilmore,  1,090  feet  north  of  station,  highway  bridge  over  creek,  in  south  end  of  cast  abutment; 
bronze  tablet  stamped  "  1555  PITTS  " 1,554. 389 

Lovett,  0.7  mile  south  of,  east  end  of  north  parapet  of  railroad  bridge;  copper  bolt  stamped 
"1725  U.S" 1,724.992 

LOVELY,  NORTH  ALONG  PUBLIC  ROADS,  TO  BLUE  KNOB,  THENCE  NORTHWEST  TO 

PORTAGE. 

Pavia,  hl^way  bridge  over  Bobs  Creek,  in  east  end  of  face  of  north  abutment;  bronze 
tablet  stamped  "  1403  PITTSBURG  " 1,402.449 

Blue  Knob,  at  southeast  comer  of  crossroads,  on  east  end  of  north  wall  of  Mount  Sinai  Church; 
bronze  tablet  stamped  "2375  PITTSBURG" 2,373.830 

Blue  Knob.o  Union  Township,  Bedford  County,  2.5  miles  northeast  of  Pavia  post-office 3, 136 

Hughes  mine  tipple,  10  feet  west  side  of  track,  on  top  of  bowlder;  chiseled  cross 1,814. 51 

a  A  flying-level  spur  Ihie  run  from  Blue  Knob  post-office  to  the  summit  of  Blue  Knob  determined  this 
elevation,  which  is  the  highest  known  in  the  State  of  Pennsylvania.  It  is  about  4  miles  east  of  the  main 
crest  of  tne  Allegheny  Plateau  and  200  feet  higher. 


S6  SPIRIT   LEVELING   lif   PENNSYLVANIA,   1899   TO   1905. 

BBDftntD  QUADRANGLE. 
BLTON,  BOUTHEABT  ALONG  PUBUC  ROADS,  TO  LOYKLT. 

Feet. 
Elton,  8.9  mfles  east  of,  2,000  feet  from  top  on  side  of  Allegheny  Mountains,  on  west  side  of  New 

Road;  chiseled  square  on  rock 2,501.35 

Lovely,  southeast  comer  of  crossroads,  at  northwest  comer  of  post-office  bu41ding;  bronze 

tablet  stamped  •*  1314  PITTSBURG  " 1,312.901 

CLARION  AND  JEFFERSON  COUNTIES. 

CLABION,  BHOOKTILLE,  AND  FOXBUBG  QCAD&ANOLKS. 

The  elevations  in  the  foUowing  list  are  hased  upon  hench  marks  at  Parker  and  Redbank 
on  the  Geological  Survey  precise-level  line  Franklin  to  Pittsburg  whicii  traverees  the  Fox- 
buig  quadrangle.  The  leveling  was  done  in  1905  under  the  direction  of  Mr.  W.  T.  Griswold, 
topographer,  by  Mr.  B.  J.  Green,  levelman.  The  standard  bench  marks  are  stamped  "  ADJ 
1903''  in  addition  to  the  figures  of  elevation. 

FOXBURO  QUA0RANOLS. 

PARKER,  NORTHEAST  ALONG  BALTIMORE  AND  Omo  RAILROAD   (NARROW  OACtt),  TO 
SmPPENVILLE. 

Feet. 

Foxburg,  in  stone  doorsUl  of  baggage  room  at  Pennsylvalna  station ;  copper  bolt 892. 544 

Foxburg,  in  east  wall  near  entrance  to  "The  Inn,"  opposite  station;   aluminum  tablet 

sUmped  "885  ADJ  1908" 884.494 

Richmond  (Alum  Rock  post-office),  opposite,  in  doorstep  of  hotel  building;  bronze  tablet 

stamped  "1190  ADJ  1903" 1,190.389 

Blairs  Comers,  1,000  feet  east  of,  bridge  over  Beaver  Run,  north  end  of  wrat  abutment,  by 

flouringmill;  bronze  tablet  stamped  "1157  ADJ  1903" 1,156.826 

Knox,  at  southeast  comer  of  Main  and  State  streets,  in  foundation  wall  at  northeast  comer 

of  B.  A.  Kribbs  St  Co.'s  brick  building;  aluminum  tablet  stamped  "1382  ADJ  1903" 1,381.839 

OLABION  QUADRANGLE. 

SHIPPENVILLE,  SOUTHEAST  ALOVQ  PITTSBURG,  SOMERVILLE  AND  CLARION  RAILROAD, 

TO  HOLDEN. 

Shkppenvflle,  0.5  mile  northwest  of,  on  north  end  of  east  abutment  of  iron  county  bridge  over 

Deer  Creek;  alumhium  Ublet  stamped  "  1209  ADJ  1903" 1,208.296 

Clarion  Junction,  25  feet  in  front  of  entrance  to  schoolhouse,  in  rock;  bronze  tablet  stamped 

"1439  ADJ  1903" 1,438.990 

Clarion,  1.3  miles  northwest  of,  in  coping  at  southeast  comer  of  large  iron  bridge  over  Clarion 

River;  bronze  tablet  stamped  "  1088  ADJ  1903" 1,088.030 

Ciarion,  in  north  meridian  stone  near  northwest  comer  of  oourt-house;  bronze  tablet  stamped 

"1491  ADJ  1903" :..  1,490.687 

Clarion,  in  south  meridian  stone  in  southeast  comer  of  park  opposite  court-house;  bronze 

tablet  sUmped"  1485  ADJ  1903" 1,484.668 

Strattonville,  1,500  feet  south  of,  on  south  end  of  east  abutment  of  railroad  bridge  over  county 

road;  almnlnum  toblet  stamped  "  1438  ADJ  1903" 1,437.642 

Holden,  1 .6  m  lies  west  of,  in  south  end  of  abutmer  t  of  railroad  bridge  over  Piney  Creek ;  bronze 

tablet  stamped  "516  ADJ  1903" 1,515,276 

HOLDEN,  WEST  ALONG  mOHWAT  TO  NEAR  SUOO,  THENCE  NORTH  TO  ELX  CITY. 

Kingsville,  in  fotmdation  wall  at  southwest  comer  of  M.  O.  May's  store  and  post-office  build- 
ing; aluminum  tablet  stomped  "  1387  ADJ  1903" 1,386.944 

Greenville  (Limestone  post-office),  in  foundation  wall  at  northwest  comer  of  flouring  mill; 
aluminum  toblet  stomped  "  1270  ADJ  1903" 1,260.607 

Greenville,  4  miles  west  of,  2.5  miles  south  of  Reidsburg,  in  south  foundation  wall  at  south- 
west comer  of  J.  Monreau's  dwelling;  aluminum  toblet  stomped  ' *  1325  ADJ  1903  " 1, 324. 660 

Burma,  1,000  feet  south  of,  in  west  foundation  of  Five  Point  schoolhouse;  aluminum  toblet 
stamped  "  1279  ADJ  1903" 1,278.874 

Piney,  on  north  wing  wall  of  south  abutment  of  large  iron  bridge  over  Clarion  River;  alumi- 
num toblet  stomped  "  1022  ADJ  1903" 1,021.831 

Elk  City,  3.3  miles  south  of,  in  north  foundation  wall  of  Madison  schoolhouse  at  crossroads; 
aluminum  toblet  stamped  "1477  ADJ  1903" 1,476.129 


t>RIMA&Y    LEVMilNG.  SO 

LAWSONHAM,  NORTH  ALONG  SUGO  BRANCH  OF  PENNSYLVANIA  RAILROAD,  TO  8UGO. 

Feet. 

Rimenburg,  1.1  miles  southeast  nf  station,  in  north  hill  pier  of  coal  tipple  of  Acme  Coal  Com- 
pany; aluminum  tablet  stamped  "1269  ADJ  1903'* 1,268.544 

Cherry  Run  (Huey  post-offlce),  in  southeast  comer  of  foundation  wall  of  station,  post-offlee, 
and  store  bunding;  bronze  tablet  stamped  "  1241  ADJ  1903" 1,240.605 

Sligo,  at  northwest  comer  of  Main  and  Clarion  streets,  in  doorsill  of  H.  Holdid's  brick  store 
building;  aluminum  tablet  sUmped  "1159  ADJ  1903" 1,158.415 

AT  LEATHCRirOOD.      (ON  LINK  LAW80NHAM  TO  CLIMAX.  WHICH  18  MOSTLY  IN  RURAL 
VALLEY  QUADRANGLE.) 

Leatherwood,  in  large  rock  50  feet  south  of  station;  alimilnuni  tablet  stamped  "  lOGO  ADJ 
1«)8" 999.326 

CLIMAX,  EAST  ALONG  PENNSYLVANIA  RAILROAD  (LOW-GRADE  DIVISION)  TO  MAYPORT. 
(MEAN  or  THREE  UNES  INCLUDING  RAILROAD  LEVELS.) 

Bethlehem,  0.5  mUe  west  of,  in  southeast  comer  of  south  coping  of  stone-arch  bridge  opposite 
South  Bethlehem;  aluminum  tablet  stamped  "  1067  ADJ  1903" 1,066.603 

New  Bethlehem,  in  baggage-room  doorslU;  copper  bolt  (railroad  beneh  mark  marked  1077.83 

B.  M.) 1,077.101 

Oak  Ridge,  0.6  mile  west  of,  in  coping  at  northeast  comer  of  Bridge  No.  58;  copper  bolt  (rail- 
road bench  mark  marked  1086.56  B.  M.) 1,085.826 

Oak  Ridge,  at  northeast  comer  of  Bridge  No.  57.  over  county  road  near  station;  aluminum 
Ublet  stamped  "  1089  ADJ  1903" 1,088.401 

Majrport,  0.7  mile  west  of,  in  coping  at  north  cni  of  east  abutment  of  Bridge  No.  56;  copper 
bolt  (railroad  bench  mark) 1, 096. 723 

Majrport,  in  north  end  of  east  abutment  of  Bridge  No.  55;  copper  bolt  (railroad  bench  mark) .  1, 104. 796 

BROOKYILLE  QUADRANGLE. 

HOLDEN,  SOUTHEAST  ALONG  PITTSBURG.  SUMMERVILLE  AND  CLARION  RAILROAD. 
TO  SUMMERVILLE,  THENCE  SOUTHWEST  ALONG  PENNSYLVANIA  RAILROAD  (LOW- 
GRADE   DIVISION)  TO  MAYPORT.      (MEAN  OF  TWO  LINES.) 

Holden,  1.2  miles  southeast  of,  on  east  end  of  south  abutment  of  small  bridge  Just  south  of 

private  crossing  (county  road  75  feet  east);  aluminum  tablet  stamped  "  1433  ADJ  1903".,  1,432.338 
Summerville,  on  northwest  comer  of  railroad  bridge  over  Redbank  Creek;  aluminum  tablet 

stamped"1160  ADJ  1903" 1,159.890 

Heathville,  in  coping  at  west  end  of  north  abutment  of  Bridge  No.  51,  over  Beaver  Run; 

aluminum  tablet  stamped  "  1158  ADJ  1903" 1, 157.456 

Heathville,  0.7  mile  southwest  of,  in  coping  at  northwest  comer  of  north  abutment  of  Bridge 

No.  52,  over  Redbank  Creek;  railroad  bench  mark  1154.69 1, 153.994 

Pattons  Station  post-oflQce,  in  north  pier  of  water  tank;  copper  bolt  stamped  "  1 137.255  " 1, 136. 554 

MajTport  (New  Mayville  post-offlce),  1  mile  east  of,  in  north  coping  of  stone-arch  bridge  over 

mnand  road;  aluminum  tablet  stamped  "1108  ADJ  1903" 1,106.892 

ARMSTRONG,  BUTLER,  AND  INDIANA  COUNTIES. 
EITTANNINe  AND  BUBAL  VALLEY  QIIADBANtiLES. 

The  elevations  in  the  following  list  are  based  upon  bench  marks  at  Kittanning,  Rimerton, 
and  East  Brady,  on  the  precise-level  line  from  Erie  to  Pittsburg,  and  are  determined  in 
accord  with  the  latest  adjustment  of  the  precise-level  net.  For  additional  elevations  on 
these  quadrangles  refer  to  said  precise  line. 

The  leveling  on  the  Rural  Valley  quadrangle,  republished  from  Bulletin  No.  185,  was 
done  in  1900  under  the  direction  of  Mr.  Frank  Sutton,  topographer,  by  Mr.  J.  H.  Wetzel, 
levelman,  and  that  on  the  Kittanning  quadrangle  was  mostly  done  in  the  same  year  under 
the  direction  of  Mr.  W.  L.  Miller,  topographer,  by  Mr.  Ira  M.  Flocker,  levelman.  The  ele- 
vations between  Climax  and  Redbank  on  these  quadrangles  were  determined  in  1905 
under  the  direction  of  Mr.  W.  T.  Griswold,  topographer,  by  Mr.  B.  J.  Green,  levelman. 
The  standard  bench  marks  are  stamped  with  the  letters  ''PITTSBURG "  in  addition  to  the 
figures  of  elevation,  except  those  set  in  1905,  which  are  stamped  "ADJ  1903"  in  addition 
to  the  figures  of  elevation. 
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RtTRAL   VALLBT  QUADRANGLE. 
XTTTANNINO,  VIA  RURAL  VALLEY  AND  DATTON,  TO  MAHONINQ. 

Feet. 

Klttanning,  4 Ji  miles  east  of,  50  feet  east  of  road  northeast,  north  side  of  road,  on  rock;  chis- 
eled square 1,026. 19 

Kittanning,  5  miles  cast  of,  southeast  comer  stone  of  stone  house;  aluminum  tablet  stamped 
"1011  PITTSBURG" 1,010.491 

Rural  Valley,  southeast  wing  wall  of  bridge,  in  coping  stone;  bronze  tablet  stamped  "  1112 
PITTSBURG" 1,111.610 

Dayton,  900  feet  west  of  station,  Buffalo,  Rochester  and  Pittsburg  Railroad  bridge  over  small 
stream,  on  second  coping  stone  of  northwest  wing  wall;  aluminum  tablet  stamped  "1326 
PITTSBURG" 1,328.118 

Eddy ville,  2  miles  south  of,  on  southeast  abutment  of  iron  bridge  over  Mahoning  Creek;  chls- 
eled-square  "  1019  " 1, 018. 60 

Eddsrville,  iron  bridge  over  Big  Mahoning,  on  bridge  seat,  southeast  wing  wall;  aluminum 
teblet  stamped*  992  PITTSBURG" 992.284 

PutneyviUe,  iron  bridge  over  Mahoning  Creek,  on  coping  stone  of  northwest  wing  wall;  chiseled 
square 940. 42 

Mahoning,  6  miles  east  of,  iron  bridge  over  Mahoning  Creek  known  as  "  Macks  Bridge;"  chis- 
eled square  on  southeast  bridge  seat 863.  BO 

Mahoning,  2  miles  east  of,  iron  bridge,  on  coping  stone  of  southwest  wing  wall;  chiseled 
square 833. 17 

Mahoning,  in  front  of  Allegheny  Valley  Railroad  station ;  top  of  rail 818. 7 

Rimerton,  2  miles  south  of,  northwest  abutment  of  railroad  bridge;  bronze  tablet  stamped 
"820  PITTSBURG  1899" 820,810 

CLIMAX,  WEST  ALONG    PENNSYLVANIA  RAILROAD   (LOW-GRADE  DIVISION),  TO   LAW- 
SONHAM.      (LEATHERWOOD  IS  GIVEN  UNDER  CLARION  QUADRANGLE.) 

Climax,  in  doorsill  of  Climax  Fire  Brick  Company's  office,  by  station;  copper  bolt  marked 
"1046.765"  (raih-oad  bench  mark) 1,046.973 

Climax,  in  foundation  wall  at  southeast  comer  of  Climax  Fire  Brick  Company's  office,  by  sta^ 
tion;  aluminum  tablet  stamped  "  1046  A DJ  1903  " 1,045. 644 

St.  Charles,  in  coping  at  nonheast  comer  of  Bridge  No.  63,  Just  east  of  station;  copper  bo|t 
marked  **  1023.595 "  (railroad  bench  mark) 1,022.953 

Lawsonham,  2.5  miles  east  of,  in  west  end  of  arch  tunnel;  aluminum  tablet  stamped  "  946  ADJ 
1903" 945.654 

Lawsonham,  on  south  coping  of  arch  bridge  east  of  station;  copper  bolt  marked  "909.33" 
(railroad  bench  mark) 906.833 

Lawsonham,  on  coping  at  southeast  comer  of  arch  bridge  just  east  of  station;  aluminum  tab- 
let stamped  "909  ADJ  1903" 908.768 

KirTANNINQ   QUADRANGLE. 

LAWSONHAM,  WEST  ALONG  PENNSYLVANIA  RAILROAD,  TO  RED  BANK. 

Shannon,  in  face  of  stone  milepost  at  east  side  of  coal  tipple,  marked  "  3  and  107  " ;  aluminum 
tablet  stamped  "881  ADJ  ISttl" 880.127 

Redbank,  1  mile  east  of,  in  coping  at  northeast  comer  of  Bridge  No.  69;  copper  bolt 
marked  "856.04"  (railroad  benchmark) 855.64 

Redbank,  in  coping  at  northwest  comer  of  railroad  bridge  over  Redbank  (?reek  (Allegheny 
division);  copper  bolt  marked  "845.21 "  (railroad  bench  mark) 844.786 

KITTANNING,  WEST  ALONG  HIGHWAY  TO  WEST  WINFIELD,  THENCE  NORTH  TO  CHICORA 
AND  EAST  TO  EAST  BRADY.  (THE  ERROR  DISTRIBUTED  IN  THIS  LINE  IS  8UGBTLY 
EXCESSIVE.) 

Kittanning,  pubUc  schoolhouse;  bronze  tablet  stamped  "  803  PITTSBURG  " 803. 600 

West  Winfield,  100  feet  west  of  railroad  tracks,  in  foundation  of  trestle;  aluminum  tablet 

stamped  "950  PGH  1900" 949.940 

Fennelton,  375  feet  west  of  station,  in  foundation  of  water  tank;  aluminum  tablet  stamped 

"1068  PGH  1900" 1,068.572 

C^cora,  comer  Main  street  and  Central  avenue,  directly  opposite  Union  Hall,  in  sandstone 

post;  aluminum  tablet  stamped  "1246  PGH  1900" 1,245.643 
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INDIANA  AND  WESTMORELAND  COUNTIES. 
BOUVAR,  KLDEB8  RUMJE,  INDIANA,  AND  LATROBE  QIlADRANtiLES. 

The  elevations  published  in  the  following  list  are  based  upon  various  bench  marks  of  the 
Pennsylvania  Railroad  on  lines  from  West  Penn- Junction,  via  Blairsville  intersection,  to 
Braddock,  the  elevations  of  which  are  derived  from  the  latest  adjustment  by  the  United 
States  Coast  and  Geodetic  Survey.  The  work  was  previously  reported  upon  in  Bulletin 
No.  185. 

The  leveling  was  executed  under  the  direction  of  Mr.  Frank  Sutton,  topographer,  by  Mr. 
J.  II.  Wetzel,  levelman,  except  that  on  the  west  side  of  Elders  Ridge  quadrangle  which 
was  done  in  1901  by  Mr.  Ira  M.  Flockor,  levelman.  The  bench  marks  are  stamped  **  PITTS- 
BURG "  in  addition  to  the  figures  of  elevation. 

LATBOBE  QUADRANGLE. 
SALTSBURO,  SOUTH  VIA  NEW  ALEXANDRIA,  TO  LATROBE. 

Feet. 
Saltaburg,  wooden  covered  bridge  over  Kisldminitas  River,  on  northeast  wing  wall,  west  end; 

aluminum  teblet  stamped  '849  PITTSBURG" 848.567 

New  Alexandria,  wooden  covered  bridge  over  Loyalhanna  Creek,  southeast  wing  wall,  on 

copingstone;  teblet  stamped  * ©45  PITTSBURG" 944.080 

New  Alexandria,  500  feet  north  of  Pennsylvania  Railroad  stetion,  east  side  of  road ;  nail  in  root 

of  large  oak  (Pennsylvania  Railroad  bench  mark  No.  407) 975.43 

FIVE  TABLETS  SET  FROM   PENNSYLVANIA   RAILROAD  BENCH  MARKS. 

Georges  stetion,  on  north  pier  of  overhead  bridge;  aluminum  teblet  stemped  '*  1199  PITTS- 
BURG"   1,199.180 

Latrobe,  high  school  building;  aluminum  tablet  stemped  "1026  PITTSBURG" 1,026.200 

Millwood,  south  abutment  of  overhead  bridge,  on  southwest  coping  stone;  teblet  stemped 
••1175  PITTSBURG" 1,175.286 

Livermore,  0.2  mUe  east  of,  in  southeast  wing  wall  of  overhead  bridge;  aluminum  teblet 
stemped  " 934  PITTSBU RG  " 933. 462 

Blairsville,  northeast  comer  of  Pennsylvania  passenger  stetion,  on  foundation  off-set;  chis- 
eled square  (Pennsylvania  Railroad  bench  mark  No.  60) 1,011.909 

Blairsville,  northeast  wing  wall  of  Walnut  Street  Bridge,  on  coping  stone;  aluminum  teblet 
stamped  '1003  PITTSBURG" 1,003.077 

BLAIRSVn.LE,  ALONG  PENNSYLVANIA  RAILROAD,  VIA  HOMER  CITY,  TO  INDIANA. 

Blairsville,  Maple  street  crossing;  top  of  rail 1,010. 1 

BOLIVAB  QUADRANGLE. 

Turner,  in  front  of  stetion ;  top  of  west  rail 1, 100. 1 

Black  Lick,  in  front  of  stetion;  top  of  west  rail 967 

Black  Lick,  6  miles  north  of  stetion,  railroad  bridge  over  Two  Lick  Creek,  southwest  comer  of 

south  abutment,  on  coping  stone;  bronze  teblet  stemped  '* 981  PITTSBURG  " 980. 510 

Rugh,  in  front  of  stetion;  top  of  west  rail 1,028. 5 

INDIANA   QUADRANGLE. 

Graoeton,  in  front  of  stetion;  top  of  rail 1,060 

Homer,  600  feet  south  of  stetion,  bridge  over  Yellow  Creek,  northwest  wing  wall,  on  cop- 
ing stone-  aluminum  teblet  stemped  * '  1019  PITTSBURG  " 1,019. 092 

Homer,  in  front  of  stetion;  top  of  rail 1,023 

Two  Lick,  in  front  of  stetion ;  top  of  rail 1, 057. 4 

Reed,  in  front  of  stetion;  top  of  west  rail 1, 149. 1 

Normal,  1  mile  south  of,  northwest  wing  wall  of  bridge;  chi8ele<i  square 1, 227. 89 

Indiana,  Normal  school  campus,  on  north  meridian  stone;  bronze  teblet  stemped  "1299 
PITTSBURG  1900" 1,299.022 
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INDIANA,  VIA  CREBKfllDE,  OAIBLETON,  PENN  RUN,  AND  BRUSH  VALLEY,  TO  HOMER. 

F«et. 

Indiana,  in  front  of  station;  cop  of  west  rail 1,309.3 

Newville,  entrance  to  M.  E.  Cliurch,  in  southwest  comer  stone;  bronso  tablet  stamped  **  1034 

PITTSBURG" 1,083.678 

Oaibleton,  650  feet  south  of  post-office,  west  side  of  road,  double-aroh  stone  bridge, -on  coping 

stone  of  north  arch;  aluminum  tablet  stomped  "1087  PITTSBURG" 1,066.388 

Tanoma,  Tanoma  House,  in  top  foundation  stone  of  bay  window;  aluminum  toblet  stami>ed 

•1132  PITTSBURG" 1,132.235 

Tanoma,  4.25  miles  south  of,  southeast  wing  wall  of  covered  bridge,  on  coping  stone;  chiseled 

square 1,191.61 

Penn  Run  (Greenville),  on  lower  stone  step  of  Presbyterian  Church;  bronze  toblet  stamped 

•1475  PITTSBURG" 1,474.578 

Brush  Valley,  entrance  to  Union  ITouse,  in  south  end  of  top  iiton:  step;  bronze  toblet  stamped 

"1447  PITTSBURG" 1,448.257 

ELDEBS  RIOOE  QUADRANGLE. 

CREEK  3IDB  WEST  TO  SHELOCTA.  THENCE  SOXH'U  VIA  KENT  TO  UVERMORE. 

Shelocto,  at  west  end  of  covered  bridge  over  Crooked  Creek,  northeast  wing  wall,  on  coping 
stone;  bronze  toblet  stomped  "992  PITTSBURG" goi.414 

Kent,  3  miles  north  of  post-office,  W.  T/.  Neal's  brick  honse,  on  upper  foundation  atone;  atai- 
minum  toblet  stomped  "1167  PITTSBURG" 1,167.006 

Kent,  2  miles  south  of  i)08t-office,  James  M.  Jack's  brick  residence,  on  stone  doorstep;  branse 
toblet  stamped  "1029  PITTSBURG" 1,028.3M 

SUELOCTA,  ALONG  HIOHWAY,  VIA   ELDEETON,   COCHRAN   MILLS,   AND  ELDERS  RIDOE, 
TO  JACKSONVILLE   (KENT  POST-OrnCE) . 

Shelocto,  in  wing  wall  of  covered  bridge  over  Crooked  Creek;  bronze  toblet  stomped  **1NI2 
PITTSBURG" mi.414 

Elderton,  opposite  hotel,  on  street  comer,  in  west  side  of  square  hitching  poet;  aiaminum 
toblet  stamped  "1265  PITTSBURG" 1,264.610 

Cochran  Mills,  old  covered  bridge  over  Crooked  Creek,  in  northwest  wing  wall  of  eaat  abut- 
ment; bronze  toblet  stomped  "871  PITTSBURG" 870.429 

Elders  Ridge,  Presbyterian  Church,  in  southwest  comer  foundation  stone;  aluminum  toblet 
stomped  "1226  PITTSBURG" 1,225.630 

Clarksburg,  at  comer  of  front  of  hotel,  on  stone;  chiseled  square 917.85 

ELDERS  RIDGE  TO  EDRI. 

Edri,  0.1  mile  west  of  stotion,  in  northwest  comer  of  bridge  seat  of  railroad  bridge;  bronze 
toblet  stamped  "834  PITTSBURG" 833.732 

FAYETTE,  GREENE,  SOMERSET,  WASHINGTON,  AND  WESTMORE- 

LAND  COUNTIES. 

BBOWNSYILLE,    CONFLUENCE,    CONN  ELLS  YILLE,    HASOHTOWN,    AND    UNIOHTOWN    qfJAR. 

BANtiLES. 

The  elevations  in  the  following  list  are  based  upon  an  aluminnm  tablet  m  the  foundation 
of  the  Seventh  Avenue  Hotel,  Pittsburg,  the  elevation  of  which  is  now  accepted  as  738.384 
feet  above  mean  sea  level.  The  initial  points  upon  which  this  work  depends  are  various 
bench  marks  on  the  precise-level  line,  Grafton  to  Pittsburg,  of  the  United  States  Geological 
Survey,  and  the  Connellsville  and  Pittsburg  division  precise  level-line  of  the  Baltimore 
and  Ohio  Railroad.  For  additional  elevations  in  these  quadrangles  refer  to  list  under 
"Precise  leveling."  Tlie  leveling  was  previously  reported  upon  partly  in  the  Appendix  to 
the  Twenty -first  Annual  Report  and  partly  in  Bulletin  No.  185,  but  has  been  corrected  in 
this  list  to  accord  with  the  1903  adjustment. 

The  leveling  on  the  Uniontown  quadrangle,  on  the  west  side  of  the  Confluenoe  quadnmgle, 
and  on  line  to  Greensboro  on  the  Masontown  quadrangle,  was  done  in  1899,  under  the  direc- 
tion of  Mr.  Frank  Sutton,  topographer,  by  Mr.  William  Crennell,  levelman.  The  leveling  on 
the  Connellsville  quadrangle,  on  line  West  Newton  to  Baird  on  the  Brownsville  quadrangle, 
was  done  the  same  year,  under  Mr.  Sutton,  by  Mr.  J.  H.  Wetzel,  levelman,  who  com<^ 
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pleted  leveling  on  the  Mason  town  quadrangle  in  1900.  The  line  through  Centcrville  on 
the  Brownsville  quadrangle  was  run  in  1901,  under  the  direction  of  Mr.  A.  H.  Bumstead, 
topographer,  by  Mr.  M.  P.  Page,  levelman.  The  standard  bench  marks  depending  on  this 
datum  are  stamped  **  PITTSBURG  "  in  addition  to  the  figures  of  elevation. 

UNIONTOWN  QUADRANGLE. 
UNIONTOWN,  SOUTHEAST  ALONG  HIGHWAY  TO  FARMINGTON. 

Feet. 
Summit,  75  feet  east  of  steps  in  front  of  Summit  House,  in  largo  bowlder  in  field  south  side  of 
National  pike,  20  feet  south  of  fence;  bronze  tablet  stamped  '•2418  PITTSBURG  " 2,417.607 

FARMINGTON,  SOUTHWEST  TO  ELLIOTTS VILLE. 

FUiottsville,  in  north  side  of  east  abutment  wing  wall  of  stone-aroh  bridge  over  Sandy  Creek; 
bronze  tablet  stamped**  1569  PITTSBURG" 1,569.145 

FARMINGTON,  NORTHEAST  ALONG  HIGHWAY  TO  OHIO  PYLB,  THENCE  NORTHWEST 
ALONG  RAILROAD  TO  SOUTH  CONNELL8VILLE,  THENCE  SOUTHWEST  TO  UNION- 
TOWN. 

Farmlngton,  in  southwest  comer  of  foundation  of  Thomas  Rush's  hotel:  bronze  tablet 

stamped -1835  PITTSBURG" , l,835..y|6 

Indian  Creek,  on  south  bridge  seat,  west  abutment  of  Baltimore  and  Ohio  Railroad  bridge 

over  Indian  Creek:  bronze  toblet  stamped  "970  PITTSB URG  " 970. 195 

South  Conncllsville,  on  northwest  comer  of  abutment  of  bridge  over  Youghiogheny  River 

(Baltimore  and  Ohio  Short  Line);  chisel  mark 914.11 

Dunbar,  in  water  table  at  northeast  comer  of  Geo^e  Swearingen's  store;  bronze  tablet 

stamped** 999  PITTSBURG" 9U8.4,'H 

Ferguson  (flag  station),  0.25  mile  north  of,  on  west  side  of  north  abutment  of  bridge  over 

creek;  chisel  mark 1, 110. 26 

Lemont  Fumaoe,  in  water  table  at  northeast  comer  of  Union  Supply  Company's  store;  bronze 

tablet  stamped'*  1059  PITTSBURG" 1,060.096 

MA80NTOWN   QUADRANGLE. 

POINT  MARION  NORTH  TO  GREENSBORO. 

Point  Marion,  3.1  miles  north  of,  on  stone  in  west  side  of  south  abutment  of  bridge  over  Dunk- 

ard  Creek;  chisel  mark 799. 93 

New  Geneva,  on  west  side  of  north  abutment  of  bridge  over  creek;  chisel  mark 793. 41 

Greensboro,  on  southeast  comer  of  foundation  of  Crawfonl's  block;   bronze  tablet  stamped 

•*806  PITTSBURG" 806.464 

BROWNSVILLE,  SOUTHWEST  VIA  EAST  RrVERSIDE  TO  CARMICHAELS. 

Jacobs  Ferry  (Kast  Riverside),  on  southwest  comer  of  foundation  of  mill;  bronze  tablet 

stamped* -792  PITTSBURG" 792.615 

Carmichaels,  on  stone  step  of  entrance  to  schoolhouse-  aluminum  tablet  stamped  "  lOOl  PITTS- 
BURG"   1,004.297 

CONFLUENCE  QUADRANOLE. 

Ohlopyle,  south  face  of  north  abutment  of  Baltimore  and  Ohio  Railroad  bridge  over  Youghio- 
gheny River;  bronze  toblet  stamped**  1218  PITTSBURG" 1,217  632 

Somerfield,a  comer  of  Main  and  Water  streets,  foundation  wall  of  brick  building  owned  by 
J.  W.  Endsley;  aluminum  tablet  stamped  **  1386  C" 1,390.349 

CONNELLSVILLE   QUADRANGLE. 
SOUTH  CONNELLSVILLE,  NORTHWEST  ALONG  BALTIMORE  AND  OHIO  RAILROAD. 

Connellsville,  Main  street,  between  Baltimore  and  Ohio  Railroad  and  river,  on  top  stone  of 
south  end  of  pier  of  wagon  bridge  over  Youghiogheny  River;  aluminum  toblet  stomped 

4*885  PITTSBURG" 884.686 

Bradford,  in  front  of  stotion ;  top  of  rail 859. 4 

Dawson,  in  face  of  entrance  to  First  National  Bank;  aluminum  toblet  stomped  '*^1  PITTS- 
BURG"        851.280 

a  This  bench  mark  was  determined  by  levels  extended  from  the  Accident  quadrangle. 
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Feet. 

Lay  ton,  600  feet  south  of  station,  at  north  end  of  Fayette  brick  works,  in  stone  on  north  side 

of  railroad  arch  culvert;  aluminum  tablet  stamped  "806  PITTSBURG" 806.168 

Layton,  in  front  of  station;  top  of  rail ^ 806 

Jacobs  Creek,  1,200  feet  south  of  station,  on  southwest  comer  of  railroad  bridge  over  Jacobs 

Creek,  south  abutment;  aluminum  tablet  stamped  **  782  PITTSBURG  " 783. 472 

Jacobs  Creek,  in  front  of  station;  top  of  rail 781. 7 

Smith  ton ,  in  front  of  station ;  top  of  rail 781 . 7 

BROADFORD,  NORTHEAST  ALONG  BALTIMORE  AND  OHIO  RAILROAD  TO  MOUNT  PLEAS- 
ANT, THENCE  NORTHWEST  ALONG  HIGHWAY  TO  HUNKERS,  THENCE  WEST  TO  WEST 
NEWTON. 

Summit  Mines,  in  front  of  station;  top  of  rail 1.224.4 

Scottdale,  H.  C.  Frick  C-oal  Company's  building,  in  second  stone  below  water  table,  at  left  side 

of  entrance;  aluminum  tablet  stamped  "1040  PITTSBURG" 1,039.561 

Hammondville,  in  front  of  station;  top  of  rail 1,039.2 

Mount  Pleasant,  in  front  of  station;  top  of  rail 1,071.3 

Mount  Pleasant,  left  side  at  entrance  to  Farmers  and  Merchants'  National  Bank,  on  founda- 
tion stone;  aluminum  tablet  stamped  "1222  PITTSBURG" 1,222.470 

Tarrs,  in  front  of  station ;  top  of  rail i,  068 

RufTsdalc,  in  front  of  station;  top  of  rail 1,042.4 

Hunkers,  150  feet  south  of  station,  west  end  of  south  abutment  of  railroad  bridge,  on  coping 

stone;  bronre  tablet  stamped  "939  PITTSBURG" 939.24 

Mendon,  east  end  of,  northwest  comer  of  brick  house  owned  by  F.  F.  Grove,  in  second  stone 
from  top  of  foundation;  bronze  tablet  stamped  "  1104  PITTSBURG  " 1, 104.204 

BROWNSVILI^  QUADRANGLE. 

WEST  NEWTON,  WEST  ALONG  HIGHWAY,  TO  BAIRO  FLAG  STATION. 

West  Newton,  wagon  bridge  over  Youghiogheny  River,  north  side  of  east  end  of  wing  wall; 

aluminum  tablet  stamped  "771  PITTSBURG" 770.742 

West  Newton,  in  front  of  station;  top  of  rail 767.2 

Gambles  (formerly  Gambles  post-office),  west  side  of  front  entrance  to  James  Torren's  brick 

house,  on  stone  in  retaining  wall;  bronze  tablet  stamped  "  1 134  PITTSBURG" 1,133.882 

WEST  BROWNSVILLE,  WEST-NORTHWEST  ALONG  HIGHWAY  TO  BEA.LLSVILLE. 

Centervllle  (East  Bethlehem  post-office),  35  feet  east  of  H.  L.  Smith's  store,  30  feet  east  of 
center  of  street,  Mrs.  DeaveH's  residence,  in  northwest  corner  of  retaining  wall;  bronze  tab- 
let stamped  "1178  PITTSBURG" 1,177.821 

ALLEGHENY,  ARMSTRONG,  BEAVER,  BUTLER,  WASHINGTON,  AND 
WESTMORELAND  COUNTIES. 

CARNEGIE,  FREEPOBT,  tiBEENSBURti,  HcKEESPOBT,  SEWICKLET,  AND  8HABP8B17BO 

QUADRANGLES. 

The  elevations  in  the  following  list  are  based  upon  an  aluminum  tablet  in  the  foundation 
of  the  Seventh  Avenue  Hotel,  Pittsburg,  the  elevation  of  which  is  now  accepted  as  738.384 
feet  alx)ve  mean  sea  l(»vel.  Precise-level  lines  of  the  Corps  of  Engineers,  U.  S.  Army,  of 
the  Baltimore  and  Ohio  Kailroad,  of  the  Pennsylvania  Railroad,  and  of  the  United  Stat^^s 
Geological  Surv^ey  traverse  this  area.  These,  corrected  in  accordance  with  the  latest 
adjustment,  form  the  initial  control  for  the  primary  leveling^.  For  other  elevations  in  this 
locaHty  refer  to  list  under  "Precise  leveling." 

The  leveling  was  done  mostly  in  1903  under  the  direction  of  Mr.  Frank  Sutton,  topog- 
rapher, by  C.  W.  Marvin,  levelman,  on  Grcensburg  and  part  of  Freeport  quadrangles,  and 
the  remainder  by  Mr.  J.  II.  Wetzel,  levelman.  Five  of  th'e  bench  marks  on  Sewickley 
quadrangle  were  established  in  1905  under  Mr.  A.  C.  Roberts,  topographer,  by  Mr.  B.  J. 
Green,  levelman.  Tlie  standard  bench  marks  are  stamped  with  the  letters  " PITTS 'i#in 
addition  to  the  figures  of  elevation. 
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CARNEGIE  QUADRANGLE. 

BMITHTIKLD  8TRBST  BBlDOE,  PITT8BURO,  NORTHWEST  TO  M'KEES  ROCKS,  THENCE  SOUTH- 
WEST. ALONG  PITTSBURG,  CHARTIERS  AND  TOUGHIOGHENY  RAILWAY  AND  HIGHWAY,  TO 
CARNEGIE,  THENCE  ALONG   PENNSYLVANIA  RAILROAD  TO  WASHINGTON. 

Feet 
Pittsburg  (south  side),  south  end  of  Smithfleld  Street  Bridge,  in  north  face  of  abutment 

facing  Pittsburg  and  Lake  Erie  Raih-oad,  17  feet  east  of  west  side  of  abutment,  9  courses 

of  stone  from  top;  seat  cut,  marked  *'  U.  S.  B.  M." 726. 730 

Smithfield  Street  Bridge,  1  mile  west  of,  on  signal  foundation 726.84 

McKee-s  Rockn,  Pitlsburg  and  Lake  Erie  Bridge  over  mouth  of  Chartiers  Creek,  on  bridge 

seat,  north  end  of  west  abutment;  aluminum  Ublet  stamped  "  720  PITTSBURO  " 719.480 

Scully,  in  front  of  station;  top  of  rail 747.4 

McKees  Rocks,  3.2  miles  south  of,  on  northeast  abutment  of  railway  bridge  (railroad  bench 

mark) 745.78 

Pike,  road  crossing  at  station;  top  of  rail 777 

Thomburg,  in  front  of  station;  top  of  rail 774 

McKees  Rocks,  5.2  miles  south  of,  small  bridge  over  I^wis  Run,  on  coping  stone  at  southeast 

comer;  chiseled  square ^ 76ii.S3 

Lockton,  on  southwest  wing  wall  of  railroad  bridge  over  Chartiers  Creek,  on  coping  stone; 

chiseled  square 766. 18 

Carnegie,  in  front  of  station;  top  of  rail -. 768.6 

Carnegie,  iron  wagon  bridge  spanning  Chartiers  Creek  at  Main  avenue,  south  end  of  southeast 

wing  wall;  aluminum  tablet  stamped  "773  PITTSBURO" 772.8:^6 

Glenn  station,  in  front  of;  top  of  south  rail 802.9 

Ileidelburg,  small  arch  bridge  at  station,  on  coping  stone;  railroad  bench  mark 701. 97 

Woodville,  in  front  of  station ;  top  of  rail 803. 2 

Bridgeville,  Bridge  No.  5  spanning  Chartiers  Creek,  northeast  wing  wall  of  east  abutment; 

railroad  bench  mark 801 .  32 

Marshalsea,  in  front  of;  top  of  rail 851 . 3 

Boyce,  3  miles  south  of,  Bridge  No.  9  spanning  Chartiers  Creek,  on  west  end  of  north  abut- 
ment; aluminimi  tablet  stamped  "857  PITTS" :'. 856.205 

Hill,  road  crossing  at  station;  top  of  west  rail 868.8 

Vaneman,  in  front  of  station;  top  of  west  rail 922.9 

Vaneman,  Bridge  No.  13,  on  west  wing  wall  of  north  abutment ;  railroad  bench  mark 928. 60 

Canonsburg,  iron  road  bridge  over  Chartiers  Creek,  Jefferson  avenue,  in  east  end  of  north 

abutment;  aluminum  tablet  stamped  ' '  931  PITTS  " 930. 650 

CARNEGIE,  WEST  ALONG  PANHANDLE  RAILROAD,  TO  M'DONALD. 

C^megie,  1.2  miles  west  of.  Bridge  No.  13;  railroad  bench  mark 798.88 

Rennerdale,  in  front  of  station;  top  of  rail ^ 855. 5 

Greggs,  600  feet  west  of.  Bridge  No.  19,  on  northeast  coping  stone;  aluminum  tablet  stamped 

"893  PITTS" 892.402 

Oakdalo.  road  crossing  at  station;  top  of  rail 905. 9 

McDonald,  northeast  wing  wall  of  McDonald  street  iron  bridge;  aluminum  tablet  stamped 

"990  PITTS" 979.631 

m'keesport  quadrangle. 

rinleyville,  northeast  along  baltimore  and  ohio  railroad,  to  thompson 
flag  station. 

Cochran  MOIs,  southwest  coping  stone  of  stone-arch  bridge;  aluminum  tablet  stamped  "884 

PITTS" 882.  .'546 

Cochran  Mills,  road  crossing  at  station;  top  of  rail 894. 3 

Wallace,  road  crossing  at  station;  top  of  rail 903. 8 

Bruce,  0.5  mile  north  of  Bridge  No.  90,  on  bridge  seat;  railroad  bench  mark 1 , 002. 16 

Willoch,  iron  highway  bridge  at  station,  on  southeast  wing  wall;  aluminum  tablet  stamped 

••926  PITTS" 925. 000 

Hayes,  near  station,  south  side  of  land  pier  of  Baliimorc  and  Ohio  Railroad  overhead  bridge; 

railroad  bench  mark 760.49 

HULTON,  SOUTH  ALONG  PITTSBURO,  BUFFALO  AND  LAKE  ERIE  RAILROAD,  TO  BESSEMER. 

North  Bessemer,  1  mile  south  of,  north  end  of  tunnel,  on  west  .xide,  third  stone  from  1)ottoni; 

aluminum  tablet  stamped  "  1023  PITTS  " 1 ,  022. 321 

Bessemer  Bridge;  bronjse  tablet  stamped  "750  PITTS" 759.492 
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8HABP8BUBO  QDADRAlfGUE  . 

Feet. 

CHE8WICK,   NORTH  ALONG   UIOHWAT   AND    PITTSBURG,   BESSEMER   AND   LAKE  BROB 
RAILROAD,  TO  BARTLST  STATION. 

Grey's  mill,  iron  bridge  over  wagon  road,  southwest  bridge  seat;  aluminum  tablet  stamped 
"975  PITTS" ^ 974.406 

Hartley,  south  side  of  door  entrance  to  store  of  T.  G.  Kennedy,  In  foundation  wall;  aluminum 
tablet  stamped* '1171  PITTS" 1. 171.013 

BARTLEY  STATION,  WEST  ALONG  HIGHWAY,  TO  VALENCIA.    (DOUBLE  flNE.) 

Glade  Mills,  brick  residence  of  J.  W.  Starr,  in  northeast  foundation  stono;  aluminum  tablet 
8Umped"iaS7  PITTS" 1,066.348 

VALENCIA,  SOUTH   ALONG  PITTSBURG   AND   WESTERN  (BALTIMORE   AND  OHIO)  RAIL- 
ROAD,  TO  SHARPSBURG. 

Gibsonia,  1,200  feet  south  of  station,  east  end  of  south  abutment  of  small  Bridge  No.  336;  alu- 
minum tablet  stamped  **  1031  PITTS" 1,030.880 

Wild  wood,  1  mile  north  of,  northeast  bridge  seat  of  small  wooden  bridge;  copper  bolt 950. 124 

Wildwood,  southwest  bridge  seat  of  Bridge  No.  329;  copper  bolt  (railroad  bench  mark) 915.31 

Bryant,  1  mile  west  of,  northwest  bridge  seat  of  Bridge  No.  327;  copper  bolt  (railroad  bench 

mark) 902.64 

Bryant,  1.5  miles  south  of  station,  Pittsburg  and  Western  Bridge  No.  323  over  Pine  Creek. 

southeast  bridge  scat;  aluminum  tablet  stamped  "SSa  PITTS" 853.125 

Elflnwlld,  300  feet  west  of  station,  southeast  bridge  seat;  copper  bolt  (railroad  bench  mark).  833.20 

Glensha w,  300  feet  north  of,  northeast  bridge  scat;  copper  bolt  (railroad  l)ench  mark) 789. 12 

Pine  Creek,  0.1  mile  east  of  station,  railroad  bridge  spanning  Pine  Creek,  northwest  abut- 
ment; copper  bolt  (railroad  bench  mark) 733.04 

BBWICKLET  QUADRANGLE. 

VALENCIA,  NORTH   ALONG  PITTSBURG  AND  WESTERN  RAILROAD,  TO  MARS,  TBANCS 
WEST  ALONG  HIGHWAY,  VIA  BRUSH  VALLEY,  TO  FREEDOM. 

Downlevillo,  1,400  foct  north  of  station,  on  northwest  bridge  seat  of  small  culvert  bridge; 

bronze  tablet  stampcrl  "1036  PITTS " 1,035. 341 

Brush  Creek,  3  miles  cast  of,  south  side  of  road,  northwest  comer  of  J.  F.Martin's  bam, In 

foundation ;  bronze  Ublet  stamped  * '  1245  PITTS  " 1, 245. 234 

Bmsh  Creek,  stone-arch  bridge  over  Bmsh  Creek,  in  southwest  coping  stone;  bronze  tablet 

stamped  "1066  PITTS" ,.  1,066.096 

Lovi,  southeast  comer  of  store  and  post-ofllcc,  in  foundation  wall;  bronze  tablet  stamped 

"1138  PITTS" 1,137.771 

Conway,  2  miles  cast  of,  iron  highway  bridge  over  Crows  Run  near  Parks's  store,  on  north 

end  of  southwest  wing  wall;  aluminum  tablet  stamped  "802  PITTS" 801.792 

BRYANT,  WEST  ALONG  HIGHWAY,  VIA  PERRYSVILLE.  TO  DIXMONT. 

Kmsworth,  3.7  miles  cast  of,  iron  bridge  over  Lowrie  Run,  on  northeast  wmg  wall;  bronze 

tablet  stamped  "881  PITTS" 880.918 

Dixmont,  northeast  comer  of  gas  house;  east  sill  of  window 719.46 

Di.xmont,  75  feet  east  gf  entrance  to  hospital,  In  coping  stone  of  retaining  wall;  bronze  tablet 
stamped  "727  PITTS" 726.930 

AT  ECONOMY  AND   BEN   AVON.      (SET   FROM   PITTSBURG,  FOUT    WAYNE   AND  CHICAGO 
RAILROAD  LKVELS  CORRECTED.) 

Economy,  2,000  feet  north  of;  northeast  comer  of  north  coping  of  Bridge  No.  15 711. 55 

Economy,  2,000  feet  north  of,  on  second  step  from  top  of  Bridge  No.  15,  on  northwest  wing 

wall;  bronze  tablet  stamped  "710  PITTS  " 710. 119 

Ben  Avon,  northwest  comer  Pittsburg,  Fort  Wayne  and  (  hicago  Railway  station,  in  founda- 
tion wall;  bronze  tablet  stamped  "728  PITTS"  (1.96  feet  higher  than  railroad  bench 'mark 

on  Bridge  No.  6) 727.871 

AT  STOOPS  FERRY.   (SET  FROM  ARMY  ENGINEERS'  PRECISE -LEVEL  LINE.) 

Stoops  Ferry  station  (oppo.slte  Sewickley),  northwest  abutment  wall  of  Pittsburg  and  Lake 
Erie  Railroad  bridge  over  Narrows  Run,  on  top  of  third  course  of  stone  below  top;  bronze 
tablet  stamped  "721  PITTS" 721.266 
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ORBBN8BURO  QUADRANGLE. 

MOSS  8IDK  (OLD  XJNB  PBNN8YLVANIA  RAILROAD),  ALONG  RAILROAD,  VIA  8TSWART 
STATION  AND  MXTRRATSVILLX,  TO  XXPORT,  TUKNCE  ALONG  HXOHWAT,  VIA  DKL- 
MONT  AND  HARVEYS  FIVE  POINTS,  TO  GREEN8BURG. 


Feet. 


Moss  Side,  at  station,  near  northwest  comer  of  fence  of  dwelling;  stone  monument  (Pennsyl- 
sylvania  Railroad  bench  mark) 763.  Ill 

Stewarts,  606  ftoet  west  of  station,  in  capstone  north  end  stone  bridge  over  creek,  SO  feet  east 
of  west  end;  copper  bolt  (Pennsylvania  Railroad  bench  mark  No.  80) 782.621 

Saunders  Junction,  OM  mfle  west  of,  bridge  over  Turtle  Creek,  on  southeast  comer  stone  of 
abutment,  weet  end  of  bridge ;  tip  cut 817. 91 

Murraysville,  800  feet  west  of  station,  west  end  of  bridge  over  Turtle  Creek,  south  end  of  stone 
abutment,  to  top  of  next  to  top  step;  bronze  tablet  stamped  **  897  PITTS  " 897. 143 

Export,  0.3  mfle  west  of  station,  power  house  at  R1iza1)eth  coal  tipple,  on  southwest  comer  of 
water  table;  tip  cut 973. 56 

Export,  0.1  mfle  east  of,  in  south  end  of  coal  building  at  tipple  of  Westmoreland  Coal  Com- 
pany, 2  JS  feet  west  of  door,  foundation  of  boUer  room;  aluminum  tablet  [stemped  "963 
PITTS" 982.220 

Dehnont,  at  southeast  comer  of  National  Bank  buUding,  on  northwest  comer  of  cross  streets, 
west  side  of  comer  post;  top  of  watet  table 1,265.82 

Harvey 8  Five  Points,  frame  house  of  A.  B.  Huff,  6  feet  west  of  southeast  comer  of  foundation; 
bronze  Ubtet  stamped  "ISS?  PITTS" 1,327.279 

Mlliera  sehoolhouse,  on  foundation,  10  feet  east  of  southwest  comer;  square  cut 1 ,  289. 67 

Qreensburg,  east  end  of  tunnel;  Pennsylvania  Raflroad  bench  mark 1,085.875 

Greensburg,  350  Aset  south  of  station,  in  water  table  of  Monaham  Hotel,  1  foot  south  of  north- 
west ?omer;  aluminum  tablet  stamped  "  1079  PITTS  " 1,078.296 

AT  JEANNETTE  AND  IRWIN. 

GrapeviUe,  300  feet  east  of  station,  brick  house,  base  course  in  bay  vrindow;  Pennsylvania 

Railroad  bench  mark  No.  71 1,059.561 

Jeannette,  120  feet  east  of  station,  south  of  track  and  west  of  overhead  bridge.  In  angle  of  stone 

wall;  aluminum  Ublet  stamped"  1040  PITTS" 1,039.87 

Irwin,  Yougfaiogheny  Railroad  bridge,  west  end  of  north  back  wall;  Pennsylvania  Railroad 

benchmark .t 879.107 

Irwin,  south  side  of  station,  in  center  of  third  capstone  east  of  west  end  of  west  wing  wall  of 

highway  bridge  over  street;  aluminum  tablet  stamped  •*888  PITTS" 888.025 

FREKFORT  QUADRANGLB. 
EOOECLirr,  ALONG  HIGHWAY  EAST,  VIA  M'LAUGHLINSVILLE   (MERWIN),  TO  PAULTON. 

EdgeclUT,  400  feet  south  of  station,  in  north  abutment,  east  side  of  bridge  over  creek;  bronze 

tablet  stamped"  764  PITTS  1890" 763.468 

EdgedUr,  0.93  mile  east  of,  in  southeast  comer  of  foundation  of  bam  of  F.  R.  Blair;  i)oint  in 

projection  stone 806. 79 

Merwin,  in  northeast  comer  of  foundation  of  house  of  PhUip  Love;  aluminum  tablet  stamped 

"1244  PITTS  1903" 1,244.127 

Paulton,  county  bridge,  in  southwest  whig  wall;  copper  bolt 809. 532 

Paulton,  county  bridge,  in  northeast  comer  of  west  abutment;  aluminum  tablet  stamped 

"810  PITTS  1903" 809.364 

LEECHBURG,  NORTHEAST  ALONG  HIGHWAY   (KITTANNING  ROAD),  TO  ROSSTON. 

Leechburg,  wagon  bridge  spanning  Eisklmlnitas  Creek,  on  northeast  comer  stone;  bronze 
tablet  stamped  "789  PITTS" 788.625 

Neale  ixwt-oflBce,  1  mile  south  of,  50  feet  south  of  coal  drift  on  r^t  side  of  road,  in  sewer  stone; 
aluminum  tablet  stamped  "964  PITTS" 984.044 

LAWRENCE  AND  MERCER  COUNTIES. 

MSBCEB,  MCSHANNOCK,  AND  T0UNG8T0WN  (OHIO-PI.)  QUADBANtiLEK. 

The  eieTstioDs  in  the  following  list  are  based  upon  the  1903  adju-stment  datum,  the  con- 
nection being  obtained  through  leveling  on  the.  Newcastle  quadrangle  from  Enon  and 
Homewood.  The  leveling  was  done  in  1905  under  the  direction  of  Mr.  A.  C.  Roberts,  topog- 
rapher, by  Mr.  J.  H.  Wetzel,  levolman.  The  standard  bench  marks  are  stamped  "ADJ 
1903"  in  addition  to  the  figures  of  elevation. 
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NESHANNOCK  QUADRANGLE. 

Feet. 

Edenburg,a  2  miles  west  of,  on  southeast  pier  of  switch  tower  of  Pittsburg  and  Lake  Erie  Rail- 
road, and  2,000  feet  west  of  Carbon  brick  works;  bronze  tablet  stamped  "  801 ADJ 1903  " 801. 135 

NEWCASTLE,  NORTH  ALONG  PENNSYLVANIA  RAILROAD,  TO  NEW  WILMINGTON,  THKNCE 
NORTUWE8T  ALONG  8HARPSVILLE  RAILROAD,  TO  SHARPSVILLE. 

Eastbrook,  on  southeast  bridge  seat  of  highway  bridge;  bronze  tablet  stamped  "904  ADJ 

1903" 904.117 

Wilmington  Junction,  1,200  foet  northeast  of,  on^iorthwest  bridge  seat  of  railroad  bridge  over 

Neshannock  River;  bronze  tablet  stampcxi  "SSI  ADJ  1903" 931.253 

New  Wilmington,  1,800  feet  east  of,  on  northwest  wing  wall  of  iron  highway  bridge  over  Nes- 
hannock River;  bronze  tablet  stamped  " 957  ADJ  lOffJ " ^ 956.950 

New  Wilmington,  strpet  crossing  at  station;  top  of  rail 970.8 

Lyle,  road  crossing  at  station;  top  of  rail 1,010.9 

Carbon,  road  crossing  at  station;  top  of  rail 1,040.  / 

Bethel,  700  feet  east  of,  northwest  wing  wall  of  iron  highway  bridge;  bronze  tablet  stamped 

"1071  ADJ  1903" 1,070.570 

Neshannock,  road  crossing  at  station;  top  of  rail 1,101.8 

Oakland,  road  crossing  at  station:  top  of  rail 1, 129.  t 

Hermitage,  road  crossing  at  station;  top  of  rail 1, 096. 4 

Hermitage,  on  stone  door  step  at  entrance  to  school;  aluminum  tablet  stamped  "1099  ADJ 
1903" 1.099.130 

NEW  WILMINGTON,  NORTHEAST,  ALONG    HIGITWAY,  TO    MERCER,  THENCE    WEST   TO 

HERMITAGE. 

Mercer,  3  miles  southwest  of.  In  northeast  comer  of  Shannon's  residence;  aluminum  tablet 
stamped  "  1316  ADJ  1003" 1,315.837 

Charlestown  (Hill  post-oflloe),  primary  traverse  station  No.  1,  on  south  side  of  street,  at  inter- 
section of  streets;  aluminum  tablet  stamped  "1263  ADJ  1903" 1,262.696 

NEWCASTLE,  NORTHWEST  ALONG  PENNSYLVANIA  RAILROAD,  TO  WHEATLAND. 

Newcastle,  north  wing  wall  of  west  abutment  of  Washington  :=!troot  Bridge;  aluminum  tablet 

stamped  "808  PITTSBURG  1901" 807.712 

Newcastle,  southeast  abutment  of  small  culvert  near  yard  limit;  railroad  l>ench  mark    805. 77 

Newcastle,  4  miles  north  of,  iron  wagon  bridge  known  as  Harbor  Bridge,  northwest  comer 

stone  of  bridge  seat;  bronze  tablet  stamped  "807  ADJ  1903" 806.733 

Nashua  Junction,  on  southwest  abutment  of  small  railroad  culvert;  bronze  tablet  stamped 

"810  ADJ  1903" 809,655 

Pulaski,  on  southwest  abutment  of  iron  highway  bridge;  bronze  tablet  stamped  "828  ADJ 

1903" 827.678 

West  Middlesex,  in  northwest  wing  wall  of  iron  highway  bridge;  bronze  tablet  stamped  "841 

ADJ  1903" 841.080 

YOUNGSTOl^TJ   QUADRANGLE. 
WHEATLAND,  NORTH  ALONG  PENNSYLVANIA  RAILROAD,  TO  SHARPSVILLE. 

Wheatland,  0.25  mile  west  of,  on  southeast  bridge  scat  of  iron  highway  bridge  over  Shenango 

River;  bronze  tablet  stampetl  "  842  A DJ  1903  " 841. 747 

South  Sharon,  in  front  of  station;  top  of  rail 852.4 

Sharon,  near  high  school  building,  on  northeast  abutment  of  iron  highway  bridge  over  She- 
nango River;  bronze  tablet  stamped  "  856  A  DJ  1903  " 855.921 

MERCER   QITADRANGI.E. 

AT  MERCER   (UY  CIRCUIT  NEW  WlLMIN(JTON  TO  HERMITAGE). 

Men«r.  on  northeast  comer  of  court-house  steps;  aluminum  tablet  stami^ed  "  1277  ADJ 
19a3  " 1, 276.  ajo 

a  Bt>nch  mark  set  from  Baltimore  and  Ohio  RaUroad  bench  mark  No.  3(»8  (subtracting  0.091  foot  from 
railroad  company's  elevation). 
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BEAVER  AND  LAWRENCE  COUNTIES. 
BEAVfeK  AND  NEWCASTLE  QUADRANCILES. 

The  elevations  in  the  following  list  are  hased  upon  an  aluminum  tablet  in  the  foundation 
of  the  Seventh  Avenue  Hotel,  Pittsburg,  the  elevation  of  which  is  now  accepted  as  738.384 
feet  above  mean  sea  level.  The  initial  points  upon  which  this  work  depends  are  various 
bench  marks  of  precise-level  lines  run  by  the  Pennsylvania  Railroad  Company  and  the 
Corps  of  Engineers,  U.  S.  Army.  The  elevations  accepted  for  these  are  the  result  of  the 
latest  adjustment. 

The  leveling  Was  done  in  1901  under  the  direction  of  Mr.  Frank  Sutton,  topographer,  by 
Mr.  Ira  M.  Flocker,  levelman,  except  that  at  Freedom,  which  was  done  in  1905  under  Mr. 
A.  C.  Roberts,  topographer,  by  Mr.  B.  J.  Green,  levelman.  The  standard  bench  marks 
are  stamped  with  the  letters  "PITTSBURG*'  in  addition  to  the  figures  of  elevation. 

NEW0A6TLE  QUADRAKOLE. 
NEW  GALILEE,  SOUTHWEST  ALONG  RAILROAD,  TO  DARLINGTON  AND  RBTX7RN. 

Foet. 

New  OaUlee,  northeast  comer  of  east  back  wall  of  Bridge  No.  42;  bench  mark  No.  2116  (Pitts- 
burg, Fort  Wayne  and  Chicago  Railroad  precise  levels) »5».  71 

New  Galilee,  1  mile  southwest  of,  Pittsburg,  Lisbon  and  Western  Railroad  bridge  over  Little 
Beaver;  northeast  comer  of  south  abutment 931.37 

Darlington,  at  intersection  of  Market  and  Second  streets,  in  front  of  Darlington  Hotel,  on  top 
of  stone;  bronre  tablet  stamped  ••912,6  PITTSBURG  1901" 912.222 

AT  BEAVER  FALLS. 

Beaver  Falls;  bench  mark  No.  1596  (Pittsburg,  Fort  Wayne  and  Chicago  Railroad  precise 
levels) 789.366 

Beaver  Falls,  Pittsburg,  Fort  Wayne  and  Chicago  Railroad  bridge  over  Eleventh  street,  west 
end  of  south  abutment,  in  coping  stone;  aluminum  tablet  stamped  "789.8  PITTSBURG 
1901" 789.479 

BNON,  NORTH  ALONG  HIGHWAY,  VIA  MOUNT  JACKSON,  TO  NEWCASTLE,  THENCE 
SOUTHEAST  ALONG  PITTSBURG  AND  LAKE  ERIE  RAILROAD  VLA  WAMPUM.  TO 
HOMEWOOD. 

Enon;  bench  mark  No.  2385,  Pittsburg,  Fort  Wayne  and  Chicago  Ralh*oad  precise  levels 995.635 

Enon,  400  feet  south  of  railroad  track  on  Main  street,  in  top  of  county  line  stone;  bronze  tablet 

sUmped  "1013.4  PITTSBURG  1901" 1,013.187 

Mount  Jackson,  at  postofflce,  60  feet  north  of  street  intersection,  in  side  of  square  stone  hitch- 
ing post;  bronze  tablet  sUraped  "1165  PITTSBURG" ;. 1,164.787 

Mahoningtown,  highway  bridge  over  the  Mahoning,  on  wing  wall  of  south  abutment  (nearest 

Pittsburg,  Youngstown  and  Ashtabula  Railroad  track) ;  seat  cut  in  corner  of 786.0 

Mahoningtown,  in  front  of  station.  Pittsburg  and  Lake  Erie  southbound  track;  north  rail. .  779.6 

Newcastle,  in  front  of  station;  top  of  rail 806 

Wampum,  in  front  of  station;  top  of  rail 803. 0 

Wampum,  500  feet  south  of  station,  northeast  corner  of  arch  bridge  over  Wampum  Run,  on 

copingstone;  aluminum  tablet  stamped  "804.7  PITTSBURG" 804.438 

Homewood ;  bench  mark  No.  1840  ( Pittsburg,  Fort  Wayne  and  Chicago  Railroad  precise  levels)  949. 972 

BEAVEB  QUADRANGLE. 

BEAVER,  WEST  ALONG  HIGHWAYS,  VIA  DAWSON  TRIANGULATION  STATION,  TO  BLACK 
HAWK,  THENCE   SOUTH,  VIA  FAIRVIEW,  TO  INDUSTRY. 

Beaver,  Pittsburg  and  I^ake  Erie  Railroad  bridge  over  Ohio  River,  land  pier  on  right  shore  of 
river,  3  Inches  below  top  of  nineteenth  course  of  stone  from  top  of  pier  and  3  feet  east  of  west 
side  of  pier;  seat  on  southwest  end  of  land  pier  marked  thus:  "U.S.  ^B.  M."  (United  States 
Engineers' bench  mark"  25  C") 686.444 

West  Bridgewater,  Cleveland  and  Pittsburg  Railroad,  west-bound  track  at  station;  top  of 
north  rail 708.7 

Beaver,  in  foundation  stone  east  of  entrance  to  court-house;  aluminum  tablet  stamped  "  798 
PITTSBURG" 797.654 

Bull.  28a-oe * 
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Feet. 
Black  Ilawk,  at  crossroads,  at  corner  of  bam,  on  large  rock;  aluminum  tablet  stamped  "  1169.3 

PITTSBURG  ".  * 1, 160.013 

Industry,  Cleveland  and  Pittsburg  Railroad  Bridge  No.  117  over  State  road,  south  «id  of  west 

abutment,  in  end  of  second  stone  from  top;  bronze  tablet  stamped  "606  PITTSBURG  " . .  096.060 
Industry,  GOO  feet  above  landing,  400  feet  above  Safe  Harbor  ferry  landing,  on  left  shore  of 

river,  on  large  rock  under  bank;  seat  cut  (United  States  Engineers'  bench  mark  " 32  B  ") . .      673.344 

INDUSTRY,  SOUTH  ALONG  HIGH  WATS,  VIA  HOOKSTOWN,  TO  KKNDALL,  THENCI  KA8T 
TO  PATTON'8  BRIDGE,  THENCE  NORTHEAST.  VIA  NEW  SHEFFIELD,  TO  WOODLAWN. 

Hookstown,  stone  bridge  on  Washington  road  over  small  stream,  on  southwest  comer  (comer 
by  the  Robertson  House);  aluminum  tablet  stamped  "OSS.e  PITTSBURG  " 088.220 

Kendall,  1  mile  east  of  (about  5  miles  southeast  of  Ilookstown),  on  Big  Traverse  Creek,  red 
brick  house  of  James  Buchanan,  in  foundation  stone;  aluminum  tablet  stamped  "  1000.7 
PITTSBURG" 1,000.360 

Clinton.  4  miles  northwest  of,  6  miles  northeast  of  Frankfort  Springs,  in  south  end  of  west 
abutment  of  Patton's  bridge  over  Raccoon  Creek;  aluminum  tablet  stamped  "848" 847.022 

New  Sheffield,  in  northeast  comer  of  Johnston's  mill:  aluminum  tablet  stamped  "043.7  PITTS- 
BURG " 943.666 

AT  FREEDOM  (SET  FROM   PITTSBURG,  FORT  WAYNE  AND  CHICAGO  RAILROAD  LEVELS, 

CORRECTED). 

Freedom,  northwest  comer  east  bridge  scat  of  Bridge  No.  20^;  railroad  bench  mark 703.445 

Freedom,  at  northeast  comer  of  railroad  bridge  over  Eighth  street,  on  wing  wall;  aluminum 
tablet  stamped  "701  PITTS" 701.040 

ALLEGHENY,  BEAVER,  AND  WASHINGTON  COUNTIES. 
BUBtilirrTSTOWN,  CLAY8T1LLE,  JLND  STEUBENVILLE  QRADKANGLES. 

The  elevations  in  the  following  list  are  based  upon  work  in  adjoining  quadrangles  of  West 
Virj^nia  and  Pennsylvania,  corrected  in  accordance  with  the  1903  adjustment  of  the  precise 
level  net. 

The  leveling  was  done  mostly  in  1904  under  direction  of  Mr.  W.  T.  Griswold,  topographer, 
but  a  portion  of  the  work  on  Claysville  quadrangle  was  done  in  1905  under  Mr.  M.  J.  Munn, 
assistant  topographer,  all  by  Mr.  B.  J.  Green,  levelman.  Standard  bench  marks  set  in  1904 
and  1905  in  this  area  are  stamped  with  the  legend  "  ADJ  1903"  and  "  ADJ"  respectively, 
while  those  set  previously  on  the  Claysville  and  Steubenville  quadrangles  are  stamped 
respectively  "PITTS"  or  "STBNVL"  in  addition  to  figures  of  elevation. 

BURGETTSTOWN  QUADRANGLE. 
MCDONALD,  ALONG  PENNSYLVANIA  RAILROAD,  a  TO  HANLIN. 

Feet. 

Primrose,  .'XX)  feet  west  of  station,  on  south  end  of  east  abutment  of  Bridge  No.  24;  chiseled 
square  (railroad  bench  mark) 1,024. 10 

Midway,  on  north  end  of  east  abutment  of  Bridge  No.  25  over  county  road  at  west  end  of  sta- 
tion; aluminum  tablet  stamped  "1111  ADJ  1903" I,lia666 

Bulger,  0.3  mile  west  of,  on  catch-basin  at  northeast  end  of  tunnel;  chiseled  square 1, 156.64 

Burgettstown,  on  south  foundation  wall  of  Burgettstown  National  Bank  building;  aluminum 
tablet  stamped"  1000  ADJ  1903" 999.180 

Hanlin,  on  coping  at  northeast  comer  of  Bridge  No.  32  over  county  road  and  200  feet  east  of 
station;  bronze  tablet  stamped  "942  ADJ  1903 " 942. 181 

BURGETTSTOWN,  NORTH  ALONG  HIGHWAY,  VIA  MURDOCK8V1LLE,  TO  PATTON'S  BRIDGE. 

Burgettstown,  2.6  miles  northeast  of,  in  south  end  of  east  abutment  of  iron  bridge  over  Rac- 
coon Crock,  at  forks  to  west;  chiseled  square 946.63 

Bavington,  0.2  mile  north  of,  on  east  end  of  south  abutment  of  iron  bridge  over  Raccoon 
Creek,  aluminum  tablet  stamped  "921  ADJ  1903" 920.874 

Murdocksville,  on  north  end  of  east  abutment  of  iron  bridge  over  Raccoon  Creek;  bronze 
tablet  stamped  "877  ADJ  1903" 877.083 

Miirdocksvillp,  2.5  miles  north  of.  on  south  end  of  west  abutment  of  iron  bridge  over  Big 
Traverse  Cret»k .  chiseled  stiuare 845. 47 

a  The  adjustment  of  railroad  levels  between  Pittsburg  and  Steubenville  involves  the  Geological  Survey 
leveling  from  Pittsburg  to  Burgettstown. 
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MURDOCK8V1LLE,    EAST    ALONG    HIGHWAY,  TO    CLINTON,    THXNCB    NORTaWKOT   TO 
PATTON'S  BRIDGE. 

Feet. 
Clinton,  on  foundation  wall  at  southeast  oomer  of  J.  E.  McCuUougli's  store  and  post-oflBoe; 
bronze  tablet  stamped  "1234  ADJ  1903" 1,233.882 

MtTROOCKSVILLE,  WEST  ALONG  HIGHWAY.  TO  COMETTSBCRO. 

Frankfort,  on  north  foundation  wall  of  brick  dwelling  of  Andrew  Vance's  heirs,  on  west  side  of 
street  at  south  end  of  town;  aluminum  tablet  stamped  "  1186  ADJ  1903  ". 1, 185.004 

Frankfort,  2.3  miles  west  of;  spot  on  abutment  at  northwest  comer  of  covered  bridge  at 
crossroads  south  of  pump  station 987.074 

Comettsburg,  in  foundation  wall  at  southeast  comer  of  Freshwater's  house;  bronze  tablet 
stamped  "1150  8TBNVL" 1,140.920 

PRANKfORT,  SOUTH-SOUTHEAST  ALONG  HIGHWAY,  TO  BUROETT8TOWN. 

Florence,  on  east  foundation  wall  of  O.  K.  Simpson's  dwelling  on  south  side  of  street  opposite 
road  to  Frankfort;  aluminum  tablet  sUmped  •*  1282  ADJ  1903" 1,282.534 

BURGETTSTOWN,  SOUTH  ALONG  HIGHWAY,  TO  NEAR  CROSS  CREEK  VILLAGE,  THENCE 
SOUTHEAST,  VTA  HICKORY,  TO  CANONSBURG. 

Burgettstown,  3.5  miles  south  of,  1.5  miles  east  of  Cross  Creek  village,  in  wing  wall  at  north- 
east comer  of  covered  bridge  over  Raccoon  Creek;  aluminum  tablet  stamped  "1037  ADJ 
1903" 1,036.776 

Hickory,  on  south  wall  at  southwest  comer  of  J.  M.  Griffith's  dwelling;  aluminum  tablet 
sUmped"1303  ADJ  1903" 1,302.800 

Westland,  on  east  end  of  south  abutment  of  railroad  bridge,  300  feet  north  of  Pittsburg  Coal 
Company's  Midland  mine  No.  3  tipple;  bronze  tablet  stamped  "  1024  ADJ  1903  " 1,024. 795 

HICKORY,  WEST  ALONG  WABASH  RAILROAD,  TO  NEAR  INDEPENDENCE. 

Hickory,  2.2  miles  southwest  of,  on  east  end  of  north  abutment  of  sewer  100  feet  west  of  tunnel; 

diiseled  square.... 1,170.584 

Woodrow,  0.6  mile  east  of,  in  south  end  of  west  abutment  of  bridge  over  county  road;  bronze 

tablet  sUmped  "  1134  ADJ  1903" 1,134.622 

Woodrow,  1.8  miles  west  of,  on  bridge  seat  of  bridge  over  county  road,  Just  south  of  second 

covered  bridge  at  crossroads;  railroad  bench  mark 1,046.98 

Woodrow,  3.8  miles  west  of,  2  miles  north  of  West  MMdleton,  on  bridge  seat  at  southwest  coi^ 

nerof  bridge  over  county  road;  railroad  bench  mark 977.46 

Patterson  Mills,  1  mile  south  of,  on  south  end  of  west  abutment  of  large  iron  bridge  over 

Cross  Creek;  raOroad  bench  mark 912.966 

Patterson  Mills,  1  mile  south  of,  on  north  end  of  east  abutment  of  railroad  bridge  over  Cross 

Creek,  just  west  of  road  crossing;  bronze  tablet  stamped  "905  ADJ  1903 " 904. 828 

Twin  tunnels,  second  bridge  west  of;  railroad  bench  mark  on  south  end  of  west  abutment..      826.732 

8TEUBENVILLE  QUADRANGLE. 

Independence,  2.5  miles  northwest  of.  0.1  mile  east  of  State  line  in  southeast  oomer  of  county 
bridge  over  Cross  Creek;  aluminum  tablet  stamped  "784  8TBN VL  " 784. 02W 

GLATSVILLE  QUADRANGLE. 

VALLEY  GROVE,   W.   VA.,   NORTHWEST    ALONG    BALTIMORE  AND  OHIO    RAILROAD  IN 
PENNSYLVAmA.   VIA  COON  ISLAND  AND  CROTHBRS,  TO  WASHINGTON. 

Valley  Qrove,3mfles  northeast  of.  State  line  ( W.  Va.-Pa.)  monument,  at  the  base  of  northeast 

side  of  Baltimore  and  Ohio  Raihroad  Bridge  No.  170 1 ,  156. 280 

Coon  Island  (Vienna  post-ofBce),  in  front  of  station,  railroad  Bridge  No.  l66,  in  northeast 

capstone:  bronze  teblet  stamped  "  1000  PITTS" 1,000.192 

Claysvilie,  public  schoolhouse,  at  southeast  oomer,  in  foundation  wall;  aluminum  tablet 

stamped"1127  ADJ  1903" 1,126.972 

Tunnel  No.  4,  at  east  end  of;  cut  on  ledge  of  rock 1 ,  126. 79 

Crothers,  0.5  mile  southeast  of,  railroad  Bridge  No.  160,  Pittsburg  division,  east  abutment, 

set  to  capstone;  bronze  tablet  stamped  "  1011  PITTS" 1,010.798 

Finney,  120  feet  north  of  station,  southwest  comer  of  E.  T.  Boone's  dwelling,  in  foundation 

waU;  bronze  tablet  stamped  "1190  ADJ  1903" 1,189.809 
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PRTOR,    SOUTH    ALONG    HIGHWAY,  VIA  WEST    MIDDLETOWM   AKD  TATLOK8TOWN,  TO 

CROTHER8. 

Feet. 

West  Middle  ton.  in  foundation  wall  at  northeast  corner  of  M.  H.  HemphiU's  brick  dwelling; 
bronze  tablet  sUmped"  1332  ADJ  1903" 1,332.105 

West  Middletown,  3.7  miles  south  of,  on  large  rock  on  east  side  of  road,  360  feet  south  of  cov- 
ered bridge  over  Brush  Run;  bronze  tablet  stamped  "903  ADJ  1903."  (On  a  double-spur 
line  0.6  mile) 903.410 

Buffalo,  2.7  miles  southwest  of,  on  abutment  at  southwest  comer  of  covered  bridge  over 
Brush  Run  on  Buffalo  and  Taylortown  road;  bronze  tablet  stamped  "1028  ADJ  1903"...  1,027.910 

Buffalo,  in  foundation  wall  at  southeast  comer  of  H.  W.  Leecho's  dwelling,  on  west  side  of 
street  opposite post-offlce  and  store:  bronze  tablet  stamped  "  1307  ADJ  1903."  (On  a  double- 
spur  line  from  preceding) 1,307. 7.52 

Talyorstown,  1.3  miles  north  of, east  of  large  steel  oil  tank  at  northwest  comer  of  large  iron 
bridge  over  Buffalo  Creek,  on  bridge  seat;  bronze  tablet  stamped  "975  ADJ  1903" 975.HU 

Taylorstown,  0.6  mile  northwest  of,  east  of  th'*ee  comers  on  abutment  at  extreme  northwest 
comer  of  large  Iron  bridge  over  Buffalo  Creek;  chiseled  square 981. 73 

COON  ISLAND  (VIENNA),  NORTH  ALONG  PUBLIC  ROAD,  TO  DUTCH  FORK  SCHOOLHOUSE 

AND  RETURN. 

Coon  Island,  1.1  miles  northwest  of,  on  abutment  at  southwest  comer  of  iron  bridge  over 
Dutch  Fork,  just  south  of  forks  to  west;  chiseled  square 978.02 

Budaville,  0.3  mile  southwest  of.  north  side  of  road  fork  to  east  from  schoolhouse  situated 
west  of  main  road,  on  northwest  comer  of  iron  bridge  over  Dutch  Fork;  bronze  tablet 
stamped  "917  ADJ  1903" 917.3 

CLAY8VILLE,  SOUTH  ALONG  HIGHWAY,  TO  BURDETTE. 

Fargo,  0.5  mile  north  of,  on  east  side  of  road  Just  north  of  point  opposite  road  fork  to  wMt, 
on  culvert  abutment;  bronze  tablet  stamped  "  1466  ADJ  " 1,465.680 

East  Finley,  2  miles  north  of,  west  of  three  comers,  on  west  abutment  of  covered  bridge  over 
Templeton  Run ;  bronze  tablet  stamped  "  1092  ADJ  " 1,092. 307 

Good  Intent,  2.8  miles  southeast  of,  In  face  of  sandstone  ledge  on  west  of  road,  west  side 
of  Templeton  Run;  bronze  tablet  stamped  "  1037  ADJ  " 1,037.377 

FROM  POINT  4.5  MILES  SOUTH  OF  FARGO,  WEST  TO  GOOD  INTENT,  AND  RETURN. 

Good  Intent,  southeast  comer  of  foundation  wall  of  school  buQding;  bronze  tablet  stamped 
"1052  ADJ" 1,052.228 

ENO,  NORTHEAST  ALONG  HIGHWAY,  TO  PROSPERITY,  THENCE  EAST  TO  AMITY. 

Old  Concord,  on  Step  of  entrance  to  church;  bronze  tablet  stamped  "1118  ADJ" 1,117.920 

Prospt'rlty,  1  mile  southeast  of,  0.1  mile  south  of  three  comers,  on  abutment  at  northeast  cor- 
ner of  covered  bridge;  bronze  tablet  stamped  "993  ADJ" 992.984 

WEST  WASHINGTON,  SOUTH  ALONG  HIGHWAY  TO  PROSPERITY. 

Lagonda,  on  east  wall  of  brick  schoolhouse  at  crossroads;  bronze  tablet  stamped  "  1076  ADJ 
19a3  "... 1,075.986 

Van  Buren,  In  foundation  wall  at  southeast  comer  of  Bethel  Church;  bronze  tablet  stamped 
"1325  ADJ  19a3" 1,325.610 

GREENE  AND  WASHINGTON  COUNTIES. 
AMITY,  BLACKSYILLE,  BOtiEKSTILLE,  AND  WAYNESBIIBti  qiADBANULEH. 

The  elevations  in  th(T  following  list  are  based  upon  an  aluminum  tablet  in  the  foundation  of 
the  Seventh  Avenue  Hotel,  PitUburg,  stamped  "738  PITTSBURG  1899,"  the  elevation 
of  which  is  now  accepted  as  TSS.SS^J  feet  above  mean  sea  level.  They  agree  in  datum  with 
the  latest  adjustment  of  precise  leveling. 

The  leveling  was  done  as  follows:  On  the  Waynesburg  quadrangle,  in  1900,  under  the 
direction  of  Mr.  Frank  Sutton,  topographer,  by  Mr.  J.  H.  Wetzel,  levelman;  on  the  Blacks- 
ville  quadrangle,  in  1901,  under  Mr.  A.  II.  Bumstead,  topographer,  by  Mr.  M.  P.  Page,  level- 
man;  on  the  Rogersville  quadrangle,  mostly  in  1902,  under  Mr.  R.  D.  Cummin,  topographer, 
by  Mr.  Charles  Hartman,  jr.^  levelman ;  and  on  (he  .\mity  quadrangle,  partly  in  1901,  under 
Mr.  A.  H.  Bumstead,  topographer,  by  Messrs.  M.  P.  Page  and  H.Wood,  Ipvelmen;  partly 
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in  1902,  under  Mr.  R.  D.  Cummin,  topographer,  by  Mr.  Charles  Hartman,  jr.,  levehnan; 
partly  in  1903,  under  Mr.  Sutton,  by  Mr.  Wetzel,  and  partly  in  1904,  under  Mr.  W.  T.  Gris- 
wold,  tx>pographer,  by  Mr.  J.  B.  Green,  levelnian.  The  final  work  on  this  and  Rogersville 
quadrangle  was  that  extended  from  Claysville  quadrangle,  in  1905,  under  Mr.  M.  J.  Munn, 
assistant  topographer,  by  Mr.  Green.  The  standard  bench  marks,  except  that  at  Mount 
Morris,  are  stamped  "PITTS"  or  "PITTSBURG"  in  addition  to  figures  of  elevation, 
which,  being  taken  from  unadjusted  field  values,  are  in  many  cases  incorrect. 

WATNE8BUBO  QUADRANGLE. 

CABMICHAEL8,  WEST  ALONG  mOHWAT,  TO  KHEDIVE,  THENCE  NORTH  TO  CLARK8VILLE,  THENCE  WEST 
TO  RUFF  CREEK,  THENCE  SOUTH  TO  WATNESBURO,  THENCE  SOUTHEAST  TO  POINT  MARION. 

Feet. 
Khedive,  in  west  end  of  residence  of  Mrs.  Sarah  Yoder,  on  foundation  stone  under  bay  win- 
dow; aluminum  Ublet stamped"  1013 PITTSBURG" 1,013.256 

Clarksviile,  1  mile  south  of,  covered  bridge  over  Tenmile  Creek,  northwest  wing  wall,  on  coping 

stone  (next  to  bridge) ;  bronze  tablet  stamped  **  814  PITTSBURG  " 814. 167 

Ruff  Creek,  northeast  comer  of  wooden  dwelling  house  of  John  Breston,  in  upper  foundation 

stone:  bronze  tablet  stamped  "999  PITTSBURG  " 997. 697 

Wa3mesburg,  northwest  comer  of  stone  court-house  veranda;  bronze  tablet  stamped  **  1035 

PITTSBURG" 1,034.446 

Newton,  on  northeast  wing  wall  of  iron  bridge,  2  coping  stones  from  bridge;  bronze  tablet 

sUmped"  1010  PITTSBURG" 1,009.525 

Davistown,  in  ledge  of  rocks  at  end  of  middle  (wooden)  bridge,  northeast  wing  wall;  bronze 

tablet  stamped  "932 PITTSBURG" 932.174 

Davistown,  1.5  miles  southeast  of,  iron  bridge  over  Dunkard  Creek,  on  northwest  wing  wall; 

chiseled  square 871.87 

WATNESBURO,  WEST  ALONG  PUBUC  ROADS,  TO  ROOBRSVILLE. 

Waynesburg,  3  miles  west  of  highway  bridge  on  Rogersville  road,  on  southeast  abutment; 
chiseled  square 952.78 

BLACKSVILLB  QUADRANGLE. 

CORE,  W.  VA.,  NORTHEAST  ALONG  HIGHWAY,  TO  MOUNT  MORRIS. 

Mount  Morris,  150  feet  west  of  mill,  in  northwest  abutment  of  bridge  over  Robinson  Run,  8  feet 
from  north  end  of  bridge,  10  feet  from  center  of  road;  bronze  tablet  stamped  "904  GRAF- 
TON"  , 908.840 

AMmr  QUADBANOLE. 

BEALLSVILLE.  NORTHWEST  ALONG   PUBUC    ROADS,  VIA   SCENERY  HILL  AND  VANCE- 
VILLE,  TO  EIOHTYFOUR. 

BeaUsville  50  feet  southeast  of  center  of  crossroads,  Greenfield's  Hotel,  30  feet  west  of  comer 
of  porch,  to  middle  step,  bronze  tablet  sUmped  "  1137  PITTSBURG  " 1,135.970 

Scenery  Hill,  Hlllsboro  trlangulation  station,  at  top  of;  bronze  tablet  stamped  "1467  PITTS- 
BURG ' 1,466.853 

Vanceville,  1.7  miles  northwest  of,  bridge  over  Pigeon  Creek.  236  feet  south  of  center  of  cross- 
roads, set  hi  north  end  of  southwest  abutment;  bronze  tablet  stamped  "  1044  PITTSBURG' '  1,042. 454 

WASHINGTON,  NORTHEAST    ALONG    BALTIMORE    AND    OHIO    RAILROAD,  VIA    EIGHTY- 
FOUR,  TO  FINLEYVILLE  STATION. 

Washington,  Cherry  and  Main  streets,  southeastern  end  of  boundary  wall  of  court-house,  in 

south  side;  bronze  tablet  stamped  "1156  PITTS  " 1 ,  156. 064 

Washington,  3.5  miles  east  of,  Bridge  No.  153,  northwest  comer  of  east  abutment;  chiscl-mark.  1, 11?.  434 

Zediker,  in  front  of  station;  top  of  rail 1,034. 4 

Eightyfour,  post-offlce,  7  miles  east  of  Washmgton,  Bridge  No.  140,  on  southwest  wing  wall; 

bronze  Ublet  stamped  "992  PITTS  ' 991.754 

Oflkeson,  north  end  of  platform:  bench  mark 1,092.58 

Thomas  station,  southeast  end  of  platform ;  bench  mark 1, 135.  CO 

Venetia  post-oflRoe  (Anderson  station),  northwest  bridge  seat  of  iron  wagon  bridge  at  road 

crossing;  alumhium  tablet  stamped  "986  PITTS " 985. 073 

Hackett,  road  crossing;  top  of  rail 954. 4 
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WlSHINOTair,  80UTH  ALONG  WATKKSBUBG  AMD  WASHIMOTON  KAILBOAD  AMD  PUBUC 
ROADS,  VIA  A  MITT,  TO  RUFF  CREIK. 

Feet. 
Amity,  post-oflice  and  store  of  F.  F.  lams  6c  Bon,  in  stone  doorstep,  on  north  side  of  door,  east 
side  of  road;  aluminum  Ublet  stamped  "  1204  PITTSBURG" 1,200.896 

BOGER8VILLB  QUADRANGLE. 

ROQIBSyiLLB,  NORTH  TO  NINEVBH.  THENCE  WEST  ALONG  PUBUC  ROAD8,  TIA  TTMX, 
ENO,  AND  SIMPSON    STORE,  TO  BURDETTE.  • 

Rogersville,  highway  bridge  over  Tcnmile  Creek,  in  capstone  of  southwest  abutment;  aluminum 

tablet  stamped  "978  PITTS" 977.337 

Nineveh,  entrance  to  Van  Olive  Hotel,  in  southeast  top  of  foundation  wall;  aluminum  tablet 
stamped  "1023  PITTS" 1,022.180 

Eno,  on  topstepof  eotranee  tocMiroh;  chiseled  square 997.50 

Eno,  1.5  miles  west  of,  on  northwest  abutment  of  iron  bridge  over  Enslow  Fork  Wheeling 

Creek;  chiseled  square 963.20 

Burdette,  Braden's  mill  (formerly  Clausen's  mill),  highway  bridge  over  Enslow  Fork  Wheel- 
ing Creek,  in  capstone  of  southeast  abutment;  bronze  tablet  stamped  "918  PITTS  " 917. 211 

BRADKN'S  MILL,  SOUTH  ALONG  PUBUC  ROADS,  VU  RTEE80N   STATION  AND  ALEPPO, 
TO  DEEP  VALLEY. 

MoCracken,  0.5  mile  north  of,  near  Earnests  residence,  on  abutment  of  covered  bridge  over 
South  Fork  Dunkard  Fork  Wheeling  Creek;  chiseled  square 974.93 

Aleppo  post-office  (Bridgeport),  in  southwest  abutment  of  highway  bridge  over  South  Fork 
Dunkard  Fork  Wheeling  Creek;  bronre  tablet  stamped  "  1080  PITTS  " 1,030.588 

Morford  post-office,  4.4  miles  south  of,  at  forks  of  road  leading  to  Bellton,  New  Freeport,  and 
Aleppo,  covered  bridge  over  Wagonroad  Run,  on  southwest  abutment;  chiseled  square 1,004.67 

BELLTON,  W.  VA.,  EAST  ALONG  PUBUC  ROADS,  VIA  DEEP  VALLEY  AND  NEW  FREEPORT, 
TO  PINBBANK,  THENCB  NORTH  TO  ROGERSVILLE. 

Deep  Valley,  public  bridge  over  Pennsylvania  Fork  Fish  Creek,  on  northeast  abutment;  chis- 
eled square 1,015.81 

New  Freeport,  2  miles  west  Of,  public  bridge  over  Laurel  Run,  near  Methodist  Church,  on 
southeast  abutment;  chiseled  square 1,031. 17 

New  Freeport,  bridge  over  Pennsylvania  Fork  Fish  Creek,  In  southwest  abutment;  bronze 
tablet  8Umped"1062PITT8" 1,062.006 

Pinebank,  highway  bridge  over  Toms  Run,  In  southeast  abutment;  bronze  tablet  stamped 
"1006  PITTS" 1,005.454 
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A  RECONNAISSANCE  OF  THE  MATANUSKA 
COAL  FIELD,  ALASKA,  IN  1905. 


By  G.  C.  Martin. 


INTRODUCTION. 

The  region  described  in  this  paper  extends  northeast  from  the  upper  end  of  Knik 
Ann,  the  northerly  branch  of  Cook  Inlet.  It  Hes  between  latitudes  61°  30'  and 
61°  5(y  north,  and  longitudes  148°  and  149°  30'  west.  It  is  about  80  miles  long  in  a 
northeast-southwest  direction,  and  from  5  to  lO'miles  wide. 

The  occurrence  of  coal  in  this  region  was  first  learned  from  the  Indians  by  pros- 
pectors and  traders  in  1894.  A  little  exploration  was  done  during  the  following 
year  or  two,  but  the  search  was  chiefly  for  placer  gold,  as  coal  deposits  in  this  region 
were  then  of  no  value  because  of  the  lack  of  transportation.  In  1898  and  1899  the 
region  was  traversed  by  army  exploring  parties.  The  first  of  these  was  accompa- 
nied by  W.  C.  Mendenhall  of  the  United  States  Geological  Survey,  who,  in  his 
reports",  described  the  region  from  Knik  station  to  the  headwaters  of  the  Matanuska 
and  northward  to  the  Tanana.  These  reports  outlined  briefly  the  geology  along  the 
route  traversed,  and  alluded  to  the  presence  of  coal.  The  journey  was,  however, 
so  hurried  that  Mendenhall  did  not  see  the  principal  coal  outcrops.  In  1903  the 
assurance  of  construction  of  the  railroad  from  the  head  of  Resurrectioq  Bay  to  the 
Yukon  Valley  revived  interest  in  these  coal  fields,  and  since  then  they  have  l)een 
actively  prospected  and  steps  have  l)een  taken  toward  securing  title  to  coal  lands. 
In  1904  R.  W.  Stone  ^  compiled  information  in  regard  to  this  field,  but  made  no 
examination  of  the  region. 

The  writer,  under  instructions  of  Mr.  Alfred  H.  Brooks,  geologist  in  charge  of  the 
division  of  Alaskan  mineral  resources,  spent  about  three  weeks  in  this  field  in  the 
summer  of  1904,  visiting  the  region  immediately  adjacent  to  Matanuska  Kiver  from 
Knik  Arm  nearly  to. the  mouth  of  Hicks  Creek.  The  following  pages  contain  the 
rc^^ults*"  of.  this  investigation,  together  with  such  other  information  as  could  l>e 
compiled. 

Messrs.  Frank  Watson  and  Thomas  Jeter,  of  Seward,  George  Palmer,  of  Knik, 
William  Griffith,  of  Scranton,  Pa.,  and  many  others,  have  extended  courtesies  in  the 
field  and  elsewhere  which  have  added  to  l)oth  the  value  and  the  pleasure  of  the 
work. 


1  Report  on  the  region  between  Resurrection  Bay  and  the  Xanana  River:  Maps  and  Descriptions  of 
Routt*s  of  Exploration  in  Alanka  in  18iW,  pp.  40-.')0.  A  reconnaissance  from  Resurrection  Bay  lo  the 
Tanana  River,  Alaska,  m  1«98:  Twentieth  Ann.  Rept.  U.  S.  Geol.  Siirvev,  pt.  7,  ISOO.  pp.  2G&-340. 

bCinil  resources  of  southeastern  Alaska.  Bull.  U.  8.  Geol.  Survey  No.  259,  1901.  pp.  Iffe.lM,  169-lTl. 

cAn  at)sirftcto!  this  report  has  already  tjeen  published  under  the  title  Preliminarv  statement  on 
the  Matanuska  coal  field.  BuU.  U.  S.  Geol.  Survey  No.  284, 190C,  pp.  «8-lu0. 


6  MATANU3KA    COAL   FIELD,  ALASKA. 

GEOGRAPHY. 
TOPOGRAPHY   AND  DRAINAGE. 

The  Matanuska  Valley  is  a  depressed  area  from  5  to  10  miles  wide  and  about  100 
miles  long,  extending  in  a  northeast-southwest  direction  from  a  point  near  the 
southwest  comer  of  the  Copper  River  Plateau  to  the  head  of  Knik  Arm  (PI.  I).  It 
is  bounded  on  the  north  by  the  Talkeetna  Mountains  and  on  the  south  by  a  part  of 
the  Chugach  Mountains.  Into  each  of  these  mountain  masses  extend  many  valleys 
of  diverpe  size,  shape,  and  physiographic  character,  but  the  fronts  of  both  ranges 
lie  in  fairly  distinct  lines  parallel  to  the  general  course  of  the  river.  The  Talkeetna 
Mountains  seem  to  be  made  up  for  the  most  part  of  ridges  parallel  to  the  river, 


Fig.  1.— Outline  map  of  region  i>etvveen  Cm>k  Inlet  and  Prince  William  Sound  and  the  Tanana  Val- 
ley, showing  general  loi>ation  of  MatanUKka  coal  field  and  positions  of  large-scale  mapfl. 

while  the  Chugach  Mountains  consist  chiefly  oi  less  regular  masses.  The  general 
maximum  elevation  of  each  range  is  roughly  about  5,000  to  6,000  feet,  but  there  is 
no  marked  regularity  in  the  height  of  the  summits.  The  hills  within  the  valley  have 
elevations  of  1,000  to  3,000  feet  and  increase  in  height  to  the  east. 

The  river  channel  flows  through  many  narrow  gorges,  but  for  most  of  its  coarse 
in  a  valley  from  1  to  2  miles  wide  (PI.  11,  A),  with  walls  rising  steeply  to  an  eleva- 
tion of  from  2(X)  to  5(X)  feet.  This  valley  is  in  turn  sunk  within  the  broader  one 
referred  to  al)ove,  whose  width  varies  from  5  to  10  miles.     The  slope  of  this  broader 
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valley  de>»cend8  from  an  elevation  of  about  2,800  feet  at  the  mouth  of  Hicks  Creek  to 
nlK>ut  2,000  near  Chiokaloon  Creek  and  to  about  6(X)  feet  at  Tsadaka  Creek."  From 
thirt  point  it  descends  more  gradually  until  it  is  barely  100  feet  above  tide.  The 
mouth  of  this  broad  valley  may,  in  a  genenil  way,  be  considere<l  to  be  near  the 
mouth  of  Tsadaka  Creek,  for  hert»  it  widens  out  into  the  great  fiat-j,  from  1  to  20 
miles  in  width,  which  extend  all  around  the  head  of  Cook  Inlet. 

Matanuska  River  rist»8  in  the  southwej-it  corner  of  the  Copj>er  River  Plateau,  in 
latituile  62°  north  and  longitudeS47°  we.st  (see  fig.  I  an<l  Pi.  I ).  It  flows  in  a  west- 
erly aud  southwesterly  dirt»ction  for  an  air-line  distance  of  alxmt  100  miles  and 
empties  into  Knik  Arm,  the  northernmost  branch  of  Cook  Inlet.  Its  volume  fluctu- 
ates greatly  according  to  the  rainfall  an<l  stAtc  of  melting  of  the  snow  and  glacierp. 
The  lower  course  of  the  river  averages  about  400  fei't  wide  an<l  4  feet  tleej)  at  low 
water,  but  reaches  a  width  in  some  i>laces  of  2  miles,  with  a  probable  average  depth 
of  10  feet  at  fl^xxl. 

The  tributiiries,  namiMl  in  order  from  east  to  west,  include  Caribou,  Hicks,  Chicka- 
kM)n,  Kings,  (iranite,  and  Tsadaka  creeks  on  the  nortli  side;  and  Matanuska  (.1  lacier, 
a  large  mmilwr  of  small  creeks  (mostly  unnamed),  and  Knik  River  on  the  south 
side.  Tsiidaka  Creek,  which  enters  the  Matanuska  al)out  SO  miles  alH)ve  Knik,  is  12 
mili^  long,  drains  an  area  of  alxmt  40  square  miles,  and  is  alx)ut  30  feet  wide  and  2 
fei^t  deep  at  the  mouth.  It  can  In?  bridged  with  a  tree  or  fonle<l  almost  anywhere, 
(rnmite  Creek  is  of  about  the  same  size.  Kings  Creek  is  about  20  miles  long,  drains 
an  area  of  ItX)  wjuare  mik«,  is  100  feet  wide  and  4  to  10  feet  deep  at  the  mouth,  and 
has  a  velocity  at  many  points  of  about  7  miles  per  liour.  At  several  places  oi*  the 
lower  course  it  is  narrow  enough  to  be  bridged,  and  there  are  several  fords.  Its  larg- 
est tributary  is  Young  Creek.  Chickaloon  Creek  (see  PI.  IV)  is  40  miles  long 
and  ha.'^  a  drainage  basin  of  about  2(X)  square  mile*'.  It^  average  widtli  near  the 
mouth  is  about  100  ftH»t.  Tlie  depth  is  probably  5  to  10  feet  and  the  veloirity  in  some 
places  is  8  miles  an  hour.  The  largest  tributary  is  Boulder  Creek  (see  PI.  II,  /^), 
wliich  enters  it  from  the  north  and  which  is  about  as  large  as  Tsadaka  Creek. 
AH  thes<»  streams  flow  in  part  through  broa<l,  oi>en  valleys,  and  in  part  through  box 
canyons. 

The  Matanuska  has  an  elevation  of  about  S,000  feet  at  it«  <»ource  and  falls  at  a 
gradually  decreasing  rate  to  about  850  feet  at  the  moutli  of  Chickaloon  CrtH»k,  to 
about  550  feet  at  the  mouth  of  Kings  Creek,  to  470  feet  at  the  mouth  of  (iranite  Creek^ 
to  430  feet  at  the  mouth  of  Eska  Creek,  an<l  to  a)x)ut  300  feet  at  the  mouth  of  Tsadaka 
Creek.  •- 

CXI  MATE. 

The  climate  of  the  Matanuska  Valley  offers  no  hindrance  to  the  development  of 
its  mineral  resources;  on  the  contrary,  it  is  such  as  to  encourage  not  only  mining, 
but  even  agricultural  interests.  The  neAn?st  jwDints  at  which  there  are  meteorologi- 
cal recorrls  are  on  Cook  Inlet,  and  it  will  l^e  useful  to  c*ompare  this  valley  with  that 
region,  of  which  it  has  been  said:  * 

The  Ctwk  Inlet  region,  including  the  lower  part  of  the  Sushitna  ba^in.  though  Hoinewhat  colder 
than  that  part  of  the  Honboard  which  lies*  direetly  on  the  open  ocean,  has  prohably  the  moot  delight- 
ful climate  of  any  portion  of  Alaska.  While  the  winters  are  cold  compared  with  southeastern  .Vlttska, 
the  up{»er  part  of  the  inlet  being  UNUally  locke<l  in  ice  from  November  to  May,  they  are  not  so  severe 
as  those  of  Bering  Sea.  The  charm  of  the  ('ook  Inlet  climate  is  its  bright,  clear  weather  in  tht^ spring 
and  Hummer,  when  there  is  just  enough  rainfall  to  insure  ample  water  for  the  gn)wth  of  vegetation. 


aC^immonly  known  as  Moose  Creek. 

/'BniokM,  A.  H..  and  Abl>e.  C,  jr.,  General  climatological  features  of  Alaska:   l'n»f.  Pafwr  U.  8. 
<;tv>l.  Survey  No.  45,  1906,  p.  145. 
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The  following  table  is  taken  from  the  report  just  cited: 

Temperature  and  precipitation  on  Cook  Inlet. 


Temperature,  °F. 


I 


Precipitation. 


Maximum. 


Minimum. 


I    DayN  with  rain  |  Rainfall  (includ- 
Mean.       exceeding  0.01    ling  snowline  lies 
i  inch.  per  month. 


-!- 


Kenai.  i  Tyonok.    Kenai.   Tyonok.    Tyonok.  \  Kenal. '  Tyonok.    Kenai.  j  Tyonok. 


January 

February . . 

March 

April...... 

May 

June 

July 

August 

September. 

October 

November., 
Decembir  . , 


45 

:i8 

45 

49 

52 

66 

58 

59 

66 

68 

79 

»2 

82 

83 

73 

73 

65 

70 

60 

61 

44 

44 

45 

49 

-34  I 
4  I 
'M 
26' 
30  : 
28  , 
17  I 

-JO 

-26'! 

-43  I 


-27  ! 

-17  I 
-  9  , 


31  ' 
25 
10  ' 
13' 
-21 


5.41 
15.30 
23.60 
37.70 
43.10 
55.10 
58.70 
56.40 
49.00 
35.40 
29.20 
17.00 


5.3 
4.4 
7.4 
6.4 
6.4 
5.1 
8.9 
13.4 
11.7 
10.0 
7.4 
6.0 


7.7 
5.7 
4.5 
4.0 
3.7 
4.2 
8.2 
17.7 
14.2 
12.2 
6.6 
7.2 


2.16 

.65 

.71 

.88 

.44 

.61 

2.09 

4.71 

4.86 

4.15 

.88 

1.31 


Year. 


I 


92.4 


95.8  I     16.55  i 


23.44 


The  Matanuska  Valley  is  soTiiewhat  colder  and  has  less  rain  than  Cook  Inlet.  The 
proportion  of  brijjht  days  in  siuniner  is  probably  greater  at  the  head  of  Knik 
Arm  than  at  any  other  point  on  the  coast  of  Alaska.  Conditions  are  practically  the 
same  throughout  the  Matanuska  Valley  as  on  Knik  Arm,  except  as  they  are  modi- 
fied by  differences  in  altitude. 

It  appears  highly  probable  that  the  region  bordering  Knik  Arm  and  part  of  the 
Matanuska  Valley  will  support  important  agricultural  industries.  The  district 
should  become  to  a  large  degree  not  only  self-8Up[)orting,  but  capable  of  supplying 
garden  produce  to  such  surrounding  regions  as  are  connected  with  it  by  adequate 
means  of  transportation. 

VEGETATION. 

The  flats  at  the  head  of  Cook  Inlet  are  densely  timbered  with  a  small  but  fairly 
uniform  growth  of  cottonwoixi,  spru^e,  quaking  aspen,  and  birch  (the  latter  predom- 
inating), with  a  sparse  undergrowth  of  alder,  willow,  currant,  and  huckleberry 
bushes.  Scattered  throughout  the  forests  are  broad  meadows  of  excellent  grass.  A 
similar  growth  of  timber  extends  throughout  the  valley  of  the  Matanuska  and  its 
tributaries  (see  PI.  IV,  B)  up  to  an  elevation  of  2,000  feet.  From  this  altitude  to 
about  2,500  feet. the  timber  becomes  thinner  (see  PI.  II,  JB),  and  at  a  maximum 
elevation  of  al>out  2,800  feet  it  linally  disappears. 

The  spruce  is  considered  of  good  quality,  though  small.  Some  of  it  will  square  12 
inches,  considerable  of  it  8  inches,  and  most  of  it  6  inches.  There  will  probably  be 
abundant  timber  for  mining  and  local  building  purposes,  especially  as  the  supply 
will  not  be  drawn  on  for  fuel. 

Those  who  are  interested  in  the  development  of  the  region  should,  however,  bear 
in  mind  that  the  cost  of  mining  will  depend  very  largely  on  the  timber  supply,  and 
that  though  there  seems  now  to  be  plenty  for  many  years  to  come,  yet  great  care 
will  have  to  be  used  in  j>reventing  and  extinguishing  forest  tires.  Owing  to  the  dry 
climate  fires  have  airt^ady  done  great  damage  to  standing  timber.  Tliey  are  cer- 
tain to  l)ecome  more  frequent  and  extensive  as  the  region  is  settled  and  especially  as 
the  timber  is  cut,  and  it  is  entirely  possible  that  unless  due  care  is  used  mining  opera- 
tions may  be  severely  crippled  through  the  destruction  of  the  local  timber  supply. 
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TRANSPORTATION. 

Knik,  the  poet-office  and  shipping  port  for  the  entire  r^on,  is  at  the  head  of 
steamboat  navigation  on  Kuik  Arm,  and  can  be  reached  by  an  ocean  voyage  of  seven 
to  twelve  days  from  Seattle  to  Seldovia  and  one  or  two  days  by  local  steamers  on 
Cook  Inlet.  In  1905  steamers  sailed  from  Seattle  for  Seldovia  four  times  a  month 
throughout  the  year,  but  navigation  on  Cook  Inlet  above  Seldovia  is  usually  closed 
from  October  15  to  April  20.  The  region  can  be  reached  at  any  time  by  leaving  the 
steamer  at  Seward  and  going  overland  to  the  head  of  Cook  Inlet  At  present  the 
railroad  can  be  uge<l  for  only  the  first  half  of  the  trip  from  Seward  to  Tumagain 
Arm,  the  rest  being  made  on  foot  or  with  horses. 

A  good  horse  trail  leads  from  Knik  to  the  co&l  field.  It  requires  a  day  or  a  day 
and  a  half  to  go  from  Knik  to  Tsadaka  Creek,  and  a  day  from  Tsadaka  Creek  to 
Chickaloon  Creek.  Matanuska  Kiver  can  be  ascended  under  favorable  conditions 
as  far  as  Chickaloon  Creek,  or  possibly  farther  in  skillfully  handled  poling  boats. 
But  the  best  and  cheapest  way  to  move  freight  up  the  valley  at  present  is  with  sleds 
in  the  winter.  Summer  freight  can  possibly  be  moved  most  cheaply  with  l)oats, 
but  more  safely  with  pack  animals. 

Supplies  can  be  purchased  at  Knik,  where  there  are  two  stores,  and  natives  can 
usually  be  hired  there.  Horses  can  sometimes  be  hired  at  Knik,  but  it  is  not  safe 
to  de])end  on  them  unless  they  are  engaged  in  advance. 

The  Alaska  Central  Railway,  now  under  construction  from  Seward,  on  Resurrec- 
tion Bay,  toward  the  interior  of  Alaska,  Ih  planned  to  reach  the  Matanuska  coal 
fields.  This  railroad  was  begun  in  1904,  and  is  now  completed  for  45  miles,  with 
about  30  miles  more  under  way.  The  railroad  route  leads  northward  from  Seward, 
which  is  at  the  head  of  Resurrection  Bay,  across  the  mountainous  Kenai  Peninsula 
to  the  head  of  Turnagain  Arm,  along  the  north  shore  of  that  arm,  and  up  the 
east  shore  of  Knik  Arm  to  the  mouth  of  Matanuska  River.  The  head  of  Turnagain 
Arm  is  60  miles  from  Seward,  the  point  where  the  railroad  route  leaves  Turnagain 
Arm  is  40  miles  farther,  and  the  mouth  of  Matanuska  River  is  140  miles  from  Sew- 
ard. It  is  planned  to  have  the  road  fork  at  this  point,  the  main  line  going  up  the 
Sushitna  Valley  to  the  Tanana  and  a  branch  going  up  the  Matanuska  to  the  coal 
fields.  The  first  coal  will  l>e  reached  on  Tsndaka  Creek,  at  a  distance  of  18  miles 
from  the  mouth  of  Matanuska  River.  The  Kings  Creek  coal  is  about  34  miles,  the 
Chickaloon  Creek  coal  38  miles,  the  Coal  Creek  coal  38  miles,  and  the  anthracite  coal 
53  miles  from  the  mouth  of  the  Matanuska. 

GEOLOGY. 

.STRATIGRAPHY. 

GENERAL    FEATURES. 

The  rocks  in  that  part  of  the  Matanuska  region  which  was  visited  by  the  wiiter 
consist  of  granites  and  other  coarse  crystalline  rocks  bordering  the  valley  on  either 
side;  Jurassic  rocks  known  only  from  stream  bowlders;  coal-lx»aring  sediments, 
partly  Mesozoic  and  j)artly  Tertiary,  two  distinct  horizons  apparently  being  repre- 
sented; a  large  number  and  considerable  variety  of  dikes  and  volcanic  flows,  and 
extensive  sheets  of  gravels. 

The  sedimentary  r(K*ks  of  this  region  (exclusive  of  gravels)  were  called  the  "Mata- 
nuska series"  by  Mendenhall,  who  assigne<l  them  tentatively,  on  paleontologic  evi- 
dence, to  the  lower  Cretaceous.  Men<lenhairs  description  of  the  Matanuska  series 
is  as  follows:" 

After  leaving  Knik  Arm  for  the  trip  to  the  interior  by  way  of  the  valley  of  the  Matanuskti  River 
no  hard  rocks  are  found  in  place  until  the  trail  descends  into  the  valley  of  Tsadaka  Creek,  40  miles 


«A  reconnaissance  Irom  Resurrection  Bav  to  the  Tanana  River,  Alaska,  in  IStS.  Twentieth  Ann. 
Kept.  C.  8.  Geol.  Survey,  pt.  7,  1900.  pp.  307-'309. 
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from  Palmer's  store.  For  40  or  50  feet  above  the  bed  of  this  creek,  and  underlying  the  loose  gmvcls 
which  All  all  this  part  of  the  valley  of  the  Matanuska,  is  to  be  seen  an  exposure  of  shales  and  sand' 
stones  with  a  few  thin  streaks  of  bright,  hard  coal.  The  beds  remind  one  strongly  in  lithologic  char- 
acteristics of  the  sediments  of  the  lower  coal  measures  in  the  Appalachian  region.  They  are 
completely  consolidated,  although  here  not  altered  in  the  least,  and  have  been  disturbed  so  as  to  dip 
now  about  25^  NW.    Across  the  Matanuska  similar  beds  make  the  bluffs  of  the  stream. 

Opposite  the  mouth  of  Granite  Creek  the  same  beds  are  exposed,  showing  a  fault  of  probably  slight 
throw,  and  from  this  time  until  the  Copper  River  Plateau  is  reached  all  rock  exposures  are  of  related 
seiliments  and  intrusive  beds. 

With  the  data  gathered  on  this  reconnaissance  it  has  not  been  found  possible  to  subdivide  them.ro 
that  they  are  all  treated  here  as  the  Matanuska  series. 

The  great  mass  of  these  l^eds  are  shale.s  similar  physically  to  those  first  seen  at  Tsadaka  Creek  and 
displaying  many  colors,  red,  green,  buff,  and  black  l>eing  especially  abundant.  Besides  shales,  many 
coarser  beds  occur.  Much  the  most  important  of  these  beds  is  the  heavy  conglomerate  which  makes 
the  base  of  Castle  Mountain  and  gives  it  its  pinnacled  and  castellated  outlines,  so  strikingly  different 
from  any  of  the  neighboring  hills  and  at  once  suggesting  its  name.  This  bed  is  probably  not  less 
than  1,000  feet  thick,  600  feet  of  it  having  been  measured,  and  the  estimated  height  of  the  cliff  above 
me  at  the  time  of  the  measurement  being  300  to  400  feet.  The  heavy  conglomerate  plates,  which 
together  make  up  the  mountain,  are  separated  by  thin,  sandy  shale  sheets,  which  constitute  but  an 
insignificant  quantity  of  the  mass.  The  pebbles  of  the  conglomerate  contain  a  great  variety  of  rocks, 
among  them  many  igneous  types.  They  are  well  rounded  and  vary  in  size  up  to  a  foot  in  diameter. 
Overlying  the  Castle  .Mountain  l)ed  is  a  body  of  soft,  green  shales  with  a  cap  of  red  sandstone.  To  the 
southwest  this  conglomerate  is  cut  off  by  a  great  intrasive  mass  of  porphyry,  and  northea.stward  it  is 
probably  dropped  down  by  a  fault  of  slight  throw. 

Other  conglomerates  occur  on  Hicks  Creek  and  the  headwaters  of  Caribou.  These,  however,  are 
wholly  different  in  character  from  the  Castle  Mountain  bed,  consisting  generally  of  small,  well- 
rounded  pebbles  of  white  quartz  with  but  little  extraneous  material.  The  irregular  occurrence  of 
the  Caribou  Creek  dcjH)siD<  appears  to  be  best  explained  by  the  supposition  that  they  were  laid  down 
in  local  channels  cut  in  shales  rather  than  in  sheets.  On  Bubb  Creek,  a  few  miles  below  our  camp 
of  August  7  and  8,  conglomerate  cliffs  about  200  feet  high  extend  for  half  a  mile  along  the  stream, 
and  represent  either  a  broad  channel  or  a  .slight  anticline  in  the  strata. 

Limestone  nodules  occur  at  a  number  of  places  in  the  shale,  but  only  one  bed  of  any  extent  appears 
along  our  route.  It  was  first  seen  as  a  gray  cliff  forming  a  scarp  around  the  hilltops  just  before 
Limestone  Gap  was  reached.  Dips  bring  It  lower  as  the  gap  is  approached,  and  the  trail  passed  over 
it,  but  it  rises  again  and  di.sappears  from  the  hills  along  the  upper  course  of  Bubb  Creek  within  a  few 
miles  of  its  source.    The  thickness  is  about  300  feet. 

«  *  *  *  *  «  « 

A  few  fossils  were  collected  at  the  base  of  the  limestone  bed  at  the  head  of  Bubb  Creek  and  sub- 
mitted to  Mr.  T.  W.  Stanton  for  examination.    He  says: 

"The  fossils  ♦  *  ♦  have  t>een  examined  and  found  to  consist  of  numerous  examples  of  viurci/a 
crasfticollis  Keyserling  and  a  few  fragments  of  a  Jielemnites  which  can  not  be  identified  specifically. 
The  species  determined  is  sutficient  to  fix  the  age  of  the  bed  from  which  they  came  as  lower  Cre- 
taceous." 

On  the  basis  of  this  determination  the  whole  series  is  tentatively  assigned  to  lower  Cretaceous,  or 
an  older  period,  since  the  limestone  bed  api>ears  to  occur  near  the  top  of  the  .series.  Fragmentary 
fossil  leaves  of  well-developed  exogenous  types  were  collected  at  a  number  of  places,  but,  being 
impressions  on  a  very  fragile  matrix,  were  crushed  in  the  attempt  to  transport  them  to  the  coa.«<t  by 
pack  trains. 

As  a  result  of  further  work,  however,  it  appears  that  this  "Matanuska  series*' 
contains  beds  of  several  ages,  while  the  beds  in  the  greater  part  cf  the  Matanuska 
Valley,  including  all  of  those  seen  by  the  writer  in  the  immediate  vicinity  of  the 
river,  are  not  Cretaceous.  For  these  reasons  it  seems  best  not  to  employ  the  term  in 
the  original  sense.  Our  present  knowledge  is  so  imperfect  that  it  is  not  advisable 
either  to  restrict  the  term  or  to  define  new  formations  which  can  be  included  within 
it.  Consequently  in  the  following  discussion  the  rocks  will  be  grouped  according  to 
age  and  lithologic  character  and  described  without  formation  names. 

The  areal  distribution  of  the  several  rock  masses  is  shown  on  the  geologic  map 
(PI.  Ill)  and  the  structural  relations  as  far  as  are  known  are  indicated  in  fig.  2. 

COARSE  CRYSTALLINE   ROCKS. 

The  crystalline  rocks  occur  in  the  high  mountains  on  either  side  of  the  Matanuska 
Valley.  They  are  known  to  the  writer  only  from  the  stream  bowlders,  from  the 
reports  of  prospectors,  and  from  the  appearance  of  the  mountains  as  seen  from  a  dis- 
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taace.  They  appear  to  consist  chiefly  of  granite,  though  a  variety  of  other  rocks, 
including  greenj*tone,  is  present.  The  position  of  these  helts  is  shown  approximately 
on  the  map  (IM.  III).  The  areas  thus  mapped  are  certainly  pretlominantly  crys- 
talline, hut  may  possibly  include  some  masses  of  sediments  which  are  probably 
Mesozoic  or  older. 

The  relation  of  these  rocks  to  the  sedimentary  rocks,  described  below,  is  not  defi- 
nitely known.  They  may  \)c  late  Tertiary  or  post-Tertiary  intrusive  masses,  or  the 
contact  may  be  one  of  faulting.  The  writer  is  inclined  to  l)clieve,  largely  from 
analogy  with  other  regions,  that  they  are  plutonic  masses  of  early  Mesozoic  or  pre- 
Me8<izoic  age  against  which  the  Tertiary  rocks  have  been  faulted.  Further  discussion 
of  this  problem  is  presente<i  in  the  section  on  structure  (p.  17). 

MESOZOIC   STRATA. 

The  Mesozoic  rocks,  which  may  represent  one  or  more  horizons,  are  known  only 
from  l)owlders,  from  outcrops  seen  only  in  the  extreme  east  end  of  the  region  visited 
by  the  writer,  and  from  outcrops  in  localities  still  farther  east  which  were  reiK>rte<l 
by  Mendenhall. 

Bowlders  of  dark,  flinty  sandstone  of  very  different  lithologic  character  from  any- 
thing seen  in  place  by  the  writer  were  found  in  the  bed  of  Chickaloon  Creek.  It 
contains  many  specimens  of  Ancella^  determine<l  by  T.  W.  Stanton  to  l>e  "of  the  tyj)e 
of  Ancella  jxtlUm  Keyserling,  an  upper  Jurassic  S|)ecies."  The  presence  of  upper 
Jurassic  rocks  in  the  Talkeetna  Mountains  is  thus  established.  The  lx)wlders  were 
nuich  worn  and  not  abundant,  indicating  that  the  outcrops  of  these  beils  are  at  a 
considerable  distance  from  the  Matanuska. 

Other  Mesozoic  l>e<ls  of  h^ss  definite  age  were  seen  on  the  summit  and  southern 
slo|)e  of  Anthracite  Ridge,  which  is  a  lon^,  sharp-topped  mountain  (see  PI.  II,  i?), 
abi>ut  5,500  feet  high,  bordering  the  north  side  of  the  Matanuska  Valley  between 
Boulder  and  I  licks  creeks.  This  ridge  is  part  of  the  southern  front  of  the  Talkeetna 
Mountains.  It  consists  chiefly  of  graywacke,  with  numerous  calcareous  concretions 
and  lje<i8  of  sandstone,  intrusive  ma.sses  of  diabase,  and  several  beds  of  anthracite 
coal.  A  very  few  fragmentary  fossils  were  obtained,  partly  from  the  summit  and 
partly  from  an  t  levation  of  3,450  feet  on  the  southern  flank  of  the  ridge.  Stanton 
says  of  the.m : 

The  very  small  and  fra^nnentary  lot  (No.  3318)  from  this  locality  (elevation  6,500  feet)  con  tains  a 
yiiriUa  and  fragments  of  the  fibrous  shell  of  an  Inoceramutt.  So  far  as  can  be  determined  from  these 
specimens  the  horizon  may  be  as  low  as  middle  Jurassic  or  as  high  as  upper  Cretaceous.  It  Is  cer- 
tainly not  outside  of  these  limits. 

This  lot  (No.  3319,  from  elevation  3,4.tO  feet)  includes  a  very  young  ammonite  not  generically  deter- 
minable, a  fragment  of  another  ammonoid  which  apparently  belongs  to  some  loosely  coiled  form  like 
JIamitfg,  a  part  of  the  phragmacone  of  a  Bclemniifn,  several  species  of  a  small  Ostrea,  and  fragments 
of  Inwxramu*  shell.    The  remarks  concerning  the  age  of  No.  3318  are  applicable  to  this  lot  also. 

Rocks  of  possibly  the  same  age  were  seen  by  Mendenhall  near  the  headwaters  of 
Bubb  and  Caribou  creeks,  about  25  miles  northeast  of  the  last-mentioned  locality. 
Mendenhall  says:* 

Limestone  nodules  occur  at  a  number  of  places  in  the  shale,  but  only  one  bed  of  any  extent  appears 
along  our  route.  It  was  first  seen  as  a  gray  cliff  forming  a  scarp  around  the  hilltops  just  before 
Limestone  Gap  was  reached.  Dips  bring  it  lower  as  the  gap  is  approached  and  the  trail  passes  over 
it.  but  it  rises  again  and  disappears  from  the  hills  along  the  upper  course  of  Bubb  Creek  within  a 
few  miles  of  its  source.    The  thickness  is  about  300  feet. 

His  notes  are  more  explicit  and  rt*a<l: 

In  the  head  of  the  stream  rising  on  the  east  side  of  Limestone  Gap,  at  the  beginning  of  the  limestone 
gorge  about  a  mile  from  the  gap,  is  a  curious  exposure  of  mingled  conglomerate  and  fossil-bearing 
rocks.  The  shells  are  embedded  in  a  sand  matrix  and  are  often  only  casts.  These  beds  are  at  the 
base  of  the  limestone  as  exposed  here.  The  limestone,  however,  seems  to  be  high  up  in  the  sedi- 
mentary series.  The  limestone  lies  in  a  syncline,  at  the  deepest  point  of  whi<'h  the  fossils  were 
gathered.    East  of  this  dips  are  westward  and  rocks  mostly  soft  shale. 

aop.  cit..  p.  308. 
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The  fossils  were  submitted  to  T.  W.  Stanton,  whose  report  upon  them  has  been 
quote<l  on  p.  10. 

TERTIARY   STRATA. 

The  rocks  in  the  valley  of  the  Matanuska  from  Chickaloon  Creek  to  Tsatlaka 
Creek  consist  chiefly  of  shale  and  sandstone,  with  many  coal  beds  and  at  least  one 
be<i  of  massive  conglomerate. 

The  conglomerate  belongs  near  the  top  of  these  rooks  (see  PI.  IV,  /?),  whi<h 
altojrether  can  not  be  less  than  3,000  or  4,000  feet  thick.  Mendenhall  reiwrts  the 
following  section  in  Castle  Mountain: 

Seclion  of  Tertiary  rocks  in  QisUe  MoHvtam. 

Feet. 

Red  Randstonc  (?) iOO  - 

Soft  green  rock * 2C0  + 

Conglomemte 1, 000 

The  interval  between  the  conglomerate  and  the  beds  exposed  at  the  base  of  the 
mountain  on  Chickaloon  and  Kings  creeks  is  not  known.  The  following  sections 
were  measured  by  the  writer: 

Section  at  bend  of  Chickaloon  Creeks  one-half  mile  above  WatJ<on*8  cam}). 

Ft.  In. 

1.  Gray  hhale  with  oeea.««ional  conrretlons 16 

2.  Hard  olay  flhale,  nodular 2     6 

3.  Fi.s.HiIegray  shale  with  Inui  balls u; 

4.  Dark-gray  llmej^tone 1 

5.  Dark  fissile  .shale 4      (> 

6.  Micaceous MindMtonc 2     6 

7.  Dark  liver-colored  lisalle  shale  containing  strata  of  iron  concretions 2 

8.  Arktvse ■ 1 

9.  Dark  fissile  shale 12 

10.  Iron  ore 3 

1 1 .  Black  .•shale 9 

12.  Carbonaceous  shale  and  Iwn*' 6 

13.  Black  shale 3 

1 1.  Dark  fissile  shale  witi]  many  strata  of  ironstone  n«Mlnles 33 

15.  Carbonaceous  shale 2 

16.  Dark  shale  with  thin  strain  of  ironstone  balls 23 

17.  Ironstone  with  fossil  gasteropHxIs 6 

IS.  Dark  shale  with  many  streaks  of  imn  ore r» 

19.  Soft  black  carbonaceous  shale (j 

20.  Ironstone C 

21.  Dark  fissile  .shale  with  bamls  of  ironstone 35 

22.  MaKsive  sandstone" 10 

23.  Black  shale 0 

2-1.         Coal,  with  some  l>one  and  shale 11 

25.  Shale  and  sandstone 10 

26.  Coal,  with  .some  bone  ami  shjilc S      9 

27.  Dark  shale 6 

28.  Dark  shale  with  conl  stn*aks 2 

29.  Shale  with  sandstone  and  ironstone  l>anrlv 19 

30.  Sandslorie  with  sandy  shale  bands y 

31.  Shale 1 

32.  Cf»al,  impure,  much  distorted  aiul  changed  by  heat 5      G 

33.  Shale  with  iron  bands 9 

31.  Sandstone  (in  roll) 4      G 

35.  Shale 7 

36.  Igneous  intru.sion  (sill)  of  diabase,  with  K)cal  occurrence  of  natural  coke  on  lop 11 

37.  Irregular  mass  of  coal  and  carbonaceous  matter  much  distorted  by  the  dike 15 

300      3 

n  Shown  in  the  base  of  the  cliflfs  at  the  right  in  PI.  IV,  B.  All  the  underlying  beds  in  this  section 
are  also  shown  in  tlie  photograph. 
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The  rocks  are  concealed  for  a  short  distance  below  this  section,  but  the  strati- 
graphic  interval  is  very  small,  surely  not  over  100  feet.  The  following  section  then 
appears: 

Section  at  Watson*8  caviOf  Chickulooii  Creek. 

Ft.   in.    Ft.  in. 

1.  Shale 

2.  Coal 

3.  Shale 

4.  Coal 

5.  Shale 

6.  Coal 

7.  Gray  concretionary  shale 

8.  Massive  sandstone 

9.  .Sandstone  and  ^hale 

10.  Possibly  small  concealed  interval. 

11.  Shale 

12.  Coal 

13.  Shale 

14.  Bony  coal 1 

15.  Shale 

16.  Coal 6 

17.  Shale 

1«.  Possibly  concealed,  not  over 

19.  Shale 

20.  Coal  (I  ft.  8  in.  to  3  ft.  7  in.)  2 

21.  Shale 


6 


10 
9 
9 


14 
13 
50 

10 


10    10 

6 

28 
10 


8      2 

8 


8 
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The  following  sections  come  closely  below,  not  over  100  feet  intervening: 


Sectioii  ON  west  bank  of  Chickaloon  Creek  below  Watson* s  camp. 

Ft.  in. 
Massive  sandstone. 

Shale 2      6 

Coal 1 

Shale  with  coal  streaks  and  irtm  ore  concretions  (approximation;  beds  contorted) 44 

Shale  with  coal  streaks  and  large  concretions 22 

Gray  massive  sandstone 9     (> 

Dark  shale  with  nodules  and  coal  streaks 22 

Gmy  sandstone  with  shale  st reaks 5      7 

Shale  with  coal  streaks '. 12 

Limestone 1      6 

G ray  shale 5    10 

Gray  sandstone  with  many  sticks 9     7 

G  ray  shale 3      6 

Gray  sandstone 3      6 

Gray  shale  with  coal  streaks 13 

Impure  limestone 2      6 

Dark  soft  shale  with  leaves  and  coal  streaks 5 

Coke 1      G 

Baked  shale  and  coke 1 

Volcanic  bed  ( vanes  irom  1  to 5  feel),  average 2      6 

Gray  and  black  shale lu     4 

Reddish  sandstone 2     f> 

180     10 
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The  rocks  on  Kings  Creek  near  the  upper  bridge  appear  to  belong  at  approximately 
the  same  position  as  those  just  described  on  Chickaloon  Creek. 

Section  on  east  bank  of  Kings  Creek  above  upper  bridge. 

Ft.  In.     Ft.  in. 

1.  Volcanic  flow 50+ 

2.  Shale 69  ' 

3.  Sandstone  with  shaly  bands 

4.  Colce 

5.  Shaly  sandstone SJ-       2      2 

6.  Coal 

7.  Black  shale G 

8.  Shale  with  thin  coal  streaks 5 

9.  Sandstone G 

10.  ImpureciwI 3  3 

11.  Shale., 13 

12.  Coal 1  1 

13.  FifiKile  shale 20 

11.  Sandyshale 10 

1.^  Fissile  shale 51 

16.  Shale 30 

17.  Massive  sandstone 3 

18.  Concealed,  30  to  CO  feet 45± 

19.  Shale 12 

20.  Shaly  sandstone 4 

21.  Shale 13 

22.  Coal  with  many  shale  bands G  C 

23.  Sandyshale 6 

24.  Coal  (as  on  p.  23) 10  10 

25.  Carbonaceous  shale 10 

26.  Massive  sandstone 6 

27.  Shale 10  h 

28.  Sandstone. 

394      8 

Strike  X.  28*^  AV. 

These  l)ed9  have  yielded  fossils  at  two  points  on  Chickaloon  Creek  and  at  one  on 
Kings  Creek.  The  uppermost  fossiliferous  be<l  on  Chickaloon  Creek  is  the  thin 
irouHtone  (No.  17)  in  the  section  on  page  12.  Stanton  reports  on  these  fossils  as 
follows: 

This  lot  (No  3316)  consists  entirely  of  fresh-walergasteropods.  of  which  all  but  one  specimen  belong; 
to  a  single  species  of  I  iriparus  ol  a  iy|>e  (Ijal  occurs  in  lH>ih  the  upper  Cretaceous  and  the  Tertiary . 
The  other  specimen  is  a  more  slender  form,  too  imperfect  for  generic  determination.  These  fossils 
are  apparently  an  undescrilx'd  species— at  least  they  are  new  to  Alaska— and  they  do  not  fix  the 
horizon  more  closely  than  is  aoove  indicated. 

The  other  fossil  l)ed  on  Chickaloon  Creek  is  the  ro(;f  of  the  coal  {So.  2)  in  the  sec- 
tion on  page  13.    The  fossils  consist  entirely  of  leaves,  of  which  F.  II.  Knowlton  says: 

I  find  the  following  species: 

Taxodium  distichum  iiiiocenum  (Brgt.)  Ileer. 

Salix  varians  Ilecr. 

Populus  arctica  Heer. 

Corylus  macquarrii  ( Forbes)  Ileer. 

Juglans  nigella  Ileer. 
The  age  indicated  i.s  Kenai. 

The  other  locality  is  not  exactly  known,  but  is  at  some  place  on  Kings  Creek, 
where  a  few  fossil  leaves  were  collected  by  Mr.  W.  A.  I^ngille,  of  the  Forest  Service. 
Knowlton  reported  on  them  as  follows: 

The  specimens  are  small  and  the  plants  fragmentary  and  poorly  preserved.    With  some  uncertainty 
I  am  able  to  recognize  the  following  species: 
Taxodium  tinajonim  Heer. 
Sequoia  langsdorfll  (Brgt.)  Heer. 
Populus  arctica  Heer. 
Corylus  macquarrii  (Forbes)  Heer 
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If  these  .determinatioAs  have  been  correctly  made,  and  it  seems  probable  that  they  have,  the  age 
should  be  "Arctic  Miocene"  or  Kenai.  But  it  should  be  added  that  more  and  better  material  will  be 
needed  before  the  position  can  be  positively  determined. 

It  may  be  seen  from  the  foregoing  that  there  is  little  doubt  that  part,  at  least,  of 
these  beds  are  approximately  of  the  same  age  as  the  coal-bearing  rocks  at  Homer,  on 
Ccok  Inlet,  which  are  generally  considered  to  be  middle  Tertiary  (Oligocene). 


The  valley  of  the  Matanuska  and  its  tributaries  from  the  head  of  Cook  Inlet  to 
some^vhat  alx)ve  Chickaloon  Creek  is  covered  with  thick  deposits  of  coarse  gravels, 
which  occur  in  a  series  of  benches  or  terraces,  often  concealing  all  of  the  hard  rocks. 
These  extend  from  50  to  300  feet  above  the  river  bed  and  have  a  general  elevation 
whi(;h  rises  toward  the  east  from  about  100  feet  on  the  shores  of  Knik  Arm  to  about 
450  feet  at  Tsadaka  Creek  and  to  about  1,000  feet  at  the  mouth  of  Chickaloon  Creek. 
The  best  exposures  of  these  gravels  are  at  the  point  where  the  trail  crosses  Tsadaka 
Creek  and  at  the  lower  ford  at  Kings  Creek.  These  gravels  contain  bowlders  of 
diverse  character  and  vary  in  size  from  fine  sand  to  material  a  foot  or  more  in  diam- 
eter. It  is  rejK)rted  that  they  carry  very  small  amounts  of  gold,  but,  so  far  as  known, 
not  enough  to  be  of  value  even  where  the  gravels  have  been  reworked  by  the  streams 
that  are  cutting  through  them. 

These  gravels  were  probably  of  original  glacial  origin,  but  were  laid  down  in  their' 
present  position  by  water,  either  in  a  large  stream  at  considerable  distance  from  the 
glaciers  or  in  an  arm  of  the  sea.  The  approximately  level  surfa<!es  of  tlie  terraces 
and  the  fact  that  there  is  a  more  or  less  definite  altitude,  above  which  the  gravels  are 
not  found,  indicate  that  the  distribution  of  the  gravels  was  at  least  controlled  by  the 
position  of  the  sea.  If  so  it  was  during  a  period  when  the  land  stoixl  at  a  lower  rel- 
ative level  than  it  does  now,  and  that  period  was  followed  not  only  by  elevation  of 
tlie  land,  but  by  tilting. «  It  is  not,  however,  the  opinion  of  the  writer  that  these 
deposits  in  them.«elves  necessarily  indicate  much  greater  extent  of  the  glaciers  than 
exists  at  present  There  undoubtedly  has  been  a  somewhat  greater  extension  of  the 
existing  glaciers,  but  these  gravels  may  or  may  not  have  been  contemporaneous 
with  it. 

DIKE   ROCKS. 

There  are  numerous  dikes  throughout  the  greater  part  of  the  Matanuska  Valley. 
They  are  more  frcH|uent  and  larger  toward  the  upper  end  of  the  valley  and  are  also 
more  numerous  wherever  folding  and  faulting  was  strongest.  The  most  imjwrtant 
of  them  are  shown  on  the  map  (PI.  Ill),  from  which,  however,  by  far  the  larger 
number  are  omitted  on  account  of  their  small  size  and  of  the  incomplete  character  of 
the  investigation. 

Diabase. — Dikes  and  sills  of  diabase  are  very  abundant  in  both  the  Mesozoic  and 
the  Tertiary  rocks.  The  base  of  the  front  of  the  Talkeetna  Range  between  Bowlder 
and  Hicks  creeks  is  marked  by  a  zone  of  faulting  and  sharp  folding.  Large  masses 
of  basic  diabase  have  been  intruded  jmrallel  to  the  strike  along  this  zone  and  are 
responsible,  in  part  at  least,  for  the  anthracitic  character  of  the  coal.  The  rock  is 
somewhat  altered,  containing  serpentine  and  an  altered  glassy  ba.se  in  addition  to 
basic  plagioclase  and  augite.  The  largest  of  these  dikes  is  of  fairly  coarse  grain.  A 
dike  of  similar  composition  but  finer  grain,  mentioned  by  Mendenhall,*  cuts  across 
Chickaloon  Creek,  about  2i  miles  below  the  fonl  (not  at  the  he^d  of  Cliickaloon 
Creek).  This  dike  is  very  prominent  be<*ause  of  the  ridge  which  it  makes,  and 
becaaseof  the  gorge  produced  in  the  creek  at  this  point.     The  coal-l>earing  rocks  for 

aMendenhall,  W.  C,  A  reconnaissance  from  Resurrection  Bay  to  the  Tanana  River,  Alaska,  in  189«: 
Twentieth  Ann.  Kept.  U.  8.  Geol.  Survey,  pi.  7.  19JJ,  pp.  315-316,  328-330. 
frOp.  cit.,  p.  310. 
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a  mile  below  this  jx)int  are  cut  by  numerous  small  dikes  and  sills  of  t^*»  wime  rock, 
which,  wherever  it  comes  into  dose  proximity  with  the  coal,  alters  it  to  a  dense, 
hard  coke.  One  of  these  sills  is  shown  at  the  left  in  PI.  IV,  H.  Dikes  of  this  gen- 
eral character  are  common  throughout  tlie  greater  part  of  the  coal  field  and  always 
have  this  effect  on  the  coal. 

Porphi/ritic  roch. — A  large  intnLsive  mass  occupies  the  mountain  south  of  Kings 
Creek  and  imme<liately  west  of  the  trail.  (See  map,  Pi.  III.)  This  has  l>een 
destTibed  by  Mendenhall,''  as  follows: 

The  first  ma«8  detected  in  the  siimmer's  rcconnHiKsance  fomiK  n  part  of  the  north  wall  of  the  valley 
just  below  Kinjfs  Creek.  Although  it«  limit"  ore  not  known  except  on  the  valley  side,  it  is  pre  um- 
ably  of  con»iderable  extent,  since  the  mountain  from  which  this  >ipe<'Imen  wjus  coIlecte<l  apiK-'aw  to 
be  homogeneoiw  and  continuous  for  several  miles  northeast  and  KUithwest  from  Kings  Creek  cros*- 
ing.  The  nM'k  is  a  light-gray,  fine-grained  porphyritic  masi*,  which  appears  under  the  microsi*oi)e  i<* 
be  a  quartz-dioritc  porphyry  carrying  a  light-green  hornblende.  Microscopically  it  exhibits  no  evi- 
dence of  mechanical  deformation.  There  was  no  opportunity  to  search  for  a  cont^iet.  but  the  por- 
phyry is  considered  to  be  later  than  the  surrounding  sediments  and  intrusive  in  them.  V>ecause  thes<> 
latter  do  not  exhibit  either  the  structure  or  the  lilhologic  characteri>tics  which  we  would  expect  had 
the  p»rphyry  served  as  a  base  upon  which  the  sediments  were  deposite*!. 


••  ERTiCAL    SCALE 

'*  5000  10000  *"eet 


HORIZONTAL   SCALE 
?i4       56769      lO  "^tleS 


Fuj.  2.— i>«.'clionM  showing  stniclure  of  Miitanuska  Valley. 

At  the  upi>er  bridge  i>ver  Kings  ('ri*ek,  3  iiiile.i  alx>ve  the  locality  desoril^ed  by 
Mendenhall,  is  a  sheet  of  i)orphyritic  rock  ai»parently  interbedde<J  in  the  Tertiary 
coal-l>earing  rocks.  The  relations  are  shown  in  the  se(*ti<:>n  above.  This  rock 
api>ears  un<ler  the  microscoi>e  to  be  nunie  u[>  largely  of  holocry?talline  porphyritic 
feldspars — chiefly  plajriocla.se,  though  orthoclase  is  also  abundant — in  a  gruundmass 
of  chlorite,  magnetite,  <iuartz,  and  calcitc.  The  character  of  the  original  ferromag- 
nesian  constituents  could  not  In*  determined.  The  rock  is  of  intermediate  type,  p<»s- 
sibly  Ix'ing  a  pori>hyritic  monzonite.  It  is  i>robably  either  an  apophysis  or  a  flow 
from  the  porphyritic  mass  deseril>ed  by  Mendenhall. 

STIIUCTI'HK. 

The  Matanuska  Valley  follows  a  zone  of  soft  Tertiary  shalej^  and  sandstones,  with 
some  c(mglomerates  ami  igneous  rocks,  the  whole  included  within  two  parallel  masses 
of  plutonic  rocks  which  are  associated  with  M(^sozoic  se<linients.     The  Tertiary  l)elt 


«op.  irit..  i.p.:^HK<Hj. 
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Ji      CLIFFS   ON    WEST    BA 
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lALOON  CREEK. 


:kaloon  creek. 

dion  on  p.  12.) 


STRUCJTITEE. 
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is  from  7  to  8  miles  wide  and  has  fairly  straight  and  parallel  boundaries  which  are 
the  topographic  limits  of  the  greater  valley  within  which  the  Matanuska  flows.  (See 
PI.  III.)  It  is  suggestive  of  a  **graben"  or  sunken  area  within  parallel  faults,  but 
this  appearance  may  be  due  to  the  more  resistant  character  of  the  rocks  bounding 
the  valley.  The  structural  relations  along  the  lines  of  contact  of  the  Tertiary  with 
more  mat^sive  and  presumably  older  rocks  are  not  known. 

The  Tertiary  ro<;k8  are  involved  in  a  system  of  foMs  And  faults.  The  folds  are 
open  and  the  faults  often  cut  the  axes  of  the  folds.  The  general  strike  is  parallel  to 
the  course  of  the  Matanuska,  being  N.  60°  E.  below  Chickaloon  Creek  and  N.  75®  to 
90°  W.  above  Chickaloon  Creek.  There  seem  to  be  several  approximately  parallel 
folds  with  either  sinuous  or  offsetting  axes.  The  character  of  this  structure  on  local 
crosH  j*ectionH  is  shown  in  the  sections  in  fig.  2.  The  sei'tion  through  Castle  Moun- 
tain and  Coal  Creek  shows  the  monoclinal  north westwanl  dip  of  Castle  Mountain,  a 
yyncline  witli  a  basaltii;  dike  at  or  near  its  axis  on  Chickaloon  Creek,  an  anticline 
with  its  axis  somewhere  near  tlie  mouth  of  Chickaloon  Creek,  and  a  syncline  cross- 
ing Coal  Crei»k  about  a  mile  al)ove  its  mouth.  The  next  section  shows  a  syncline  on 
the  ht^adwaters  of  Young  Creek,  the  large  porphyritic  intnision  in  the  hill  to  the 
southeast,  and  indeterminate  structure  in  the  Hats  to  the  south.     The  section  down 


Scale  of  frtt 
"00  .aoo         jQo 


Fia.  3.— Section  of  iMirt  of  i«)uth  fuce  of  Aiitbracitc  Ki(lK<'- 

VAa  Creek  sliows  st»veral  folds,  the  north wwtcrnmost  l)eing  a  prolmble  anticline 
with  strongly  faulte<I  axis,  followe<l  on  the  southeast  by  a  syncline,  beyond  which  is 
another  anticline.  The  observations  of  strike  and  dip  on  Tsadaka  Crt»ek  show  a 
general  north westt»rly  dip,  with  a  single  outiTop  showing  easterly  dip.  It  is  not  pos- 
sible from  present  knowleilge  to  connect  tht»se  axw  and  cletermine  whether  there  are 
a  few  long,  sinuous  folds  or  whether  there  is  an  offsetting  of  axes  by  complex  pitch 
or  by  cross  or  diagonal  fault*. 

The  Mesozoic  anthracite-l)earing  rocks  east  of  Boulder  Creek  are  more  complexly 
folde<l,  as  is  shown  in  tig.  .S,  than  the  Tertiary  rocks  of  the  center  of  the  valley. 
They  are  separated  from  the  latter  by  a  fault  or  system  of  faults  imrallel  to  the  axes 
of  folding. 

The  igneous  rocks  are  intru<le<l  partly  {>arallel  to  the  axes  of  folding  as  long  and 
fairly  persistent  dikes,  i>artly  parallel  to  the  bedding  a*»sills  (there  may  also  beinter- 
iKKlded  flows),  and  jmrtly  an  large  masst^s  like  the  boss  on  the  west  side  of  Kings 
Creek. 

Bull.  289—00 2 
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MINERAL  RESOURCES 
COAL. 

ABBAL   DIBTRIBUTION. 

Coal  outcrops  have  been  seen  by  the  writer  on  Teadaka,  Eeka,  Kings  and  its  triba- 
tarieSy  Chickaloon,  ailid  Coal  creeks;  on  the  small  creeks  heading  in  the  Talkeetna 
Mountains  between  Boulder  and  Hicks  creeks;  and  in  the  banks  of  Matanuska 
River  about  3  miles  above  the  mouth  of  Chickaloon  Creek  (see  fig.  4).  They  have 
also  been  reported  from  Boulder,  Hicks,  and  Caribou  creeks,  from  a  creek  on  the 
south  side  of  the  Matanuska  9  miles  above  Coal  Creek,  and  from  Little  Sushitna 
River. 

The  extent  of  the  area  underlain  by  coal  is  not  very  definitely  known.  There  is 
a  coal  area  of  at  least  70  square  miles  in  the  valley  of  the  Matanuska  and  its  tribu- 
taries from  Tsadaka  Creek  to  Hicks  Creek  inclusive.  This  is  a  conservative  estimate 
based  on  outcrops  actually  known  to  the  writer.  It  is  possible  that  there  is  a  larger 
area  than  this,  but  it  seems  certain  from  present  knowledge  that  the  total  area  of 
coal- bearing  rocks  in  the  region  indicated  above  can  not  in  any  case  exceed  300 
square  miles  except  by  further  extensions  of  this  field  or  neighboring  fields  outside 
the  region  visited  by  the  writer,  which  might  increase  the  area  to  limits  which  we 
have  no  means  at  present  of  knowing. 

POSITION   AND  SECTIONS  OP  THB  COAL. 

There  are  at  least  two  distinct  kinds  of  coal  in  this  region,  occurring  at  two  widely 
Be{)arated  geologic  horizons.  One  is  the  anthracite  coal,  which  is  of  Mesozoic  age, 
and  the  other  includes  various  grades  of  bituminous  coal,  which  are  of  Tertiary  age. 

ANTHRAaXB. 

The  Mesozoic  coal,  as  stated  above,  is  apparently  all  anthracite.  It  was  seen  by 
the  writer  only  alon::  the  fianks  of  the  Talkeetna  Mountahis,  between  Boulder  and 
Hicks  creeks.  This  coal  has  the  ordinary  physical  characteristics  of  most  good  coal 
of  this  kind.  It  is  heavy,  firm,  hard,  and  not  much  fractured  for  suriace  coal,  and 
has  a  high  luster.  Pyrite  was  not  noticed.  The  seams  are  not  much  broken  by 
small  partings  of  shale  and  bone. 

Two  sections  were  measured.  On  the  south  bank  of  Purinton  Creek,  at  an  eleva- 
tion of  3,410  feet,  an  ex{)osure  was  measured  which  showed  38  feet  of  clean,  solid 
coal,  both  roof  and  fioor  being  concealed  (see  analysis  No.  1,  p.  27,  which  represents 
the  entire  thickness  as  measured).  At  this  point  the  strike  is  N.  40^  E.  (magnetic) 
and  the  dip  is  10®  NW.,  or  into  the  mountain.  The  rocks  in  the  vicinity  arechiefiy 
graywacke  and  sandstone,  and  show  considerable  variation  of  strike  and  dip  (see 
PI.  V.  and  fig.  3).  A  short  distance  downstream  is  a  good-sized  mass  of  diabase 
occupying  the  axis  of  an  anticline,  which  is  in  other  places  broken  by  a  fault.  The 
anthracite  is  probably  restricted  to  a  zone,  along  the  face  of  and  in  the  mountains, 
which  is  cut  off  from  the  valley  plateau  by  a  fault  following  the  base  of  the  moun- 
tains. Black  streaks  that  are  probably  coal  could  be  seen  high  up  on  the  face  of  the 
mountain,  and  could  be  followed  by  the  eye  for  several  miles.  About  1  mile  north- 
east of  the  locality  described  above,  and  at  an  elevation  of  about  3,460  feet,  a  coal 
section  gave  the  following  measurements: 


U.  S.  GEOLOGICAL  8URVEV 


A.     FOLDS  AND  ANTHRACITE  COAL 


Ji.     THE  SAME   FOLDS   ABOUT 
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E-HALF    MILE   FARTHER    EAST. 
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Section  of  coal  on  slope  of  Talkeetna  Mountains, 


Flaggy  aandiitonc.  Ft.  Ft. 

Coal  and  8hale 3] 

Coal ;. 7  10 

Shale 4 

Coal 1  1 

Shale 3 

Coal 2  2 

Shale ,..  2 

Coal '...  7  7 

Strike  N.  60«  K.  dip  dS**  SE. 

The  general  strike  alonf;^  the  Bide  of  the  mountain  is  N.  75°  E.  (magnetic).  The 
area  of  anthracite  was  not  estimated  by  the  writer,  and  the  amoant  available  for 
economic  mining  and  shipment  may  possibly  not  be  sufficient  to  justify  the  necessary 
expenditures.  On  the  other  hand,  the  field  may,  as  has  been  reported  by  some, 
extend  far  beyond  the  areas  visited  by  the  writer,  lx)th  eastward  beyond  the  valley 
of  Hicks  Creek  and  northward  into  the  valley  of  Boulder  Creek.  Later  information 
indicates  that  the  eastern  continuation  of  the  coal  is  of  lower  grade,  being  bitumi- 
nous and  intermediate  in  character  between  the  Chickaloon  and  the  Tsadaka  Creek 
coal. 

BITUMINOUS. 

Ea^em  dislrid. — The  coal  included  under  this  heading,  probably  all  of  Tertiary 
age,  was  seen  by  the  writer  on  both  sides  of  the  Matanuska  in  the  vicinity  of  Chicka- 
loon Creek  and  in  the  valleys  of  Chickaloon  and  Kings  creeks.  Coal  has  been 
rcp^)rted  for  a  considerable  distance  along  the  linear  extension  of  this  belt  to  the 
east,  but  the  amount  and  quality  of  the  coal  is  not  known. 

The  coal  in  this  area  all  possesses  about  the  same  physical  characteristics  and,  as 
will  be  seen  by  the  analyses  (pp.  27  and  28),  the  variation  in  chemical  composition 
is  not  great,  and  supports  this  grouping.  It  has  the  ordinary  properties  of  most 
bituminous  coal.  It  is  soft  and  fragile,  but  often  without  any  well-defined  planes  of 
fracture.  It  burns  with  a  short  flame  and  a  small  amount  of  smoke,  and  possesses 
distinct  caking  properties.  The  seams  generally  contain  a  large  amount  of  impuri- 
ties, both  in  the  form  of  thick  partings  of  shale  and  as  thin  bands  of  shale  and  bone. 
Many  of  these  can  not  be  separated  in  mining.  The  coal  is  soft  and  friable,  and 
much  of  it  will  not  stand  severe  handling  without  crushing.  Pyrite  is  present  both 
as  balls  and  as  scales,  but  not  abundant.  The  friable  character  of  the  coal  is  not  h 
great  detriment  when  it  is  considered  that  much  of  it  will  probably  have  to  be 
crushed  and  washed  (especially  for  coke  making)  and  that  the  coal,  when  used  for 
steam  or  heating,  will  cake  as  soon  as  put  in  the  furnace,  so  that  there  will  conse- 
quently t>e  little  or  no  loss  through  the  grates. 

The  following  sections  were  obtained  on  the  south  side  of  the  Matanuska,  near 
the  mouth  of  Chickaloon  Creek : 

Section  of  coal  beds  on  soiUh  bajik  of  Matanuska  Hlver  S  miles  above  the  mouth  of  Chicka- 
loon Creek. 

Ft.  in.  Ft.  in. 

Gray  shale 10 

Coal 6) 

Shale l|     7    7 

Coaln 7     J 

Gray  shale  with  ironstone  bands 42 

Coal 6 

Shale 1 

Coal 6 


a  Included  in  samples  Nos.  7  and  B,  see  analyses,  p.  27. 
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Section  of  coal  hedn  on  south  bank  of  Matamiskn  River  3  miles  aboi^e  moxUh  of  Ckickaloon 

Creek  —Continued. 

Ft.  in.   Ft.  in. 

Gray  Mhale 7 

Coal (>  6 

Shale 4    6 

Coiil ; 8| 

Shale l[      6    5 

Ck)al 5    8) 

Soft  gray  »halc 20 

Concealed  to  river. 

Strike  N.  86°  E.  (magnetic),  dip  44°  SE. 

Sf'ction  on  m/rlh  Umk  of  ihal  Creek,  elemtinn  1,010  feet. 

Ft.  in.    Ft.  in. 

Soft  dark  shale 10 

Coal  a 2 

Parting. 

Coal  a 1       h- 

8and.stone  2-f» 

Coal  a 1 

Soft  shale , . .  10  -t 

Strike  N.  64°  E.,  dip  70°  SE. 

Section  on  north  Inink  of  Coal  Creek,  '>00  feet  upstream  from  section  (jiren  ahore. 


Intrusive  •••hect  and  coke 

Ft. 

in.    Ft.  in 
12 

Cx)ke 

5 

Intrusive  sheet  with  coke 

14 

Shale 

10 

Coal  ft 

fi 

8 

Shale      .          

6 
11 
9 

(Vml  b 

•    8 

Shale 

Coal 

Soft  shale  floor. 

Strike  and  dip  as  above. 

A  section  on  Coal  Creek,  on«^lialf  mile  alM)ve  the  lower  coal  shows  coal  about 
6  feet  thick,  with  a  strike  of  N.  60°  E.  and  a  dip  of  55°  N\V. 
The  following  sections  were  measured  on  Chickaloon  Creek: 

Covdensed  sicti(mc  of  coal-bearing  rocks  on  Chickaloon  Creek. 

Ft.  in. 

1.  Shale  with  many  thin  iwn-ore  bands IM) 

2.  Coal  with  some  lH>ne  and  shale  (as  on  p.  21) ;'•      i 

a.  Sha  le 4 

4.         Coal  with  some  shale  (a.«*  on  p.  21) 4    lu 

6.  Shale  and  sandstone  (horse) 10 

(>.         Coal  with  some  shale  (as  on  p.  21 ) 8      9 

7.  Shale  and  sandstone :>7 

H.         Coal,  impure  and  somewhat  eoked 6     •> 

9.  Shale  and  sandstone 20 

10.  Diabase  sill  with  local  occurrence  of  iini\>ral  coke  on  top 11 

11.  Coal  and  coke  with  impurities  m  an  irregular  distorted  mass   }n 

12.  <:onccaled  (not  over) UiO 

13.  Shale 10 

11.         Coal  with  some  shale  (as  on  p. 22) —  9      •* 

15.  Shale y 

16.  Coal  with  some  shale  (as  on  p.  13) 2      G 


a  Included  In  samples  Nos  9  and  10.  see  analyses,  p.  27. 
<> Included  in  samples  Nos.  11  and  12;  sec  analyses,  p  27. 
''For  details  see  local  section  on  pp.  12-14  and  the  sectionsof  coal  scams  which  follow. 
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Coiidensed  section  of  coal-hearing  rocks  mi  Chickaloon  Creek — Continued. 

Ft.  In. 

17.  Shale  and  Handstone «« 

18.  Coal  with  bone  and  shale  (as  on  p.  22) 10    10 

19.  Shale 41 

20.  Coal  (varies  from  1ft.  Sin.  to 8  ft.  7  in.) 2     8 

21.  Shale  with  some  sandstone,  iron  ore,  and  volcanic  beds,  and  a  few  thin  beds  of  coal  and 

coke 180 

Sedion  (U  f^idof  Chickaloon  Creek^  one-half  mile  above  Watson* s  campy  showing  details  of 
beds  2  to  6  in  condensed  section. 

Ft.  In.  Ft.  in. 


Black  shale 

Coal 

Coal,  bony 

Shale 

Coal 

Shale,  black 

Coal 

Concealed  

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale  and  sandstone  (horse). . 

Coal 

Shale,  with  coal  strinKcrs. 

Coal 

Shale 

Ctml 

Shale 

Coal 

Shale 

C<»al 

Shale 


1 


The  following  section  probably  represents  some  of  the  distorted  l)ed8  in  the  lower 
part  of  the  section  on  page  12,  or  Nos.  6  to  11  in  the  condensed  section  on  page  20. 
The  dip  ap{>ears  to  be  overturned. 


Section  in  tunnel  No.  i^,  Chickaloon  Creek. 

Ft. 

Shale  (at  month  of  tnnnel ) 

Coal 6 

Hard  shale 

Bone  a 

Coal  nb 

Coal,  with  some  bone" 2 

Cortl«b 1 

Shale  and  lx)ne 

Bony  coal  a 

Coakib 

Bone  a 1 

Coa  \ab 2 

Bone  " - 

Coal  «i  ft 

Bone 

Hard  shale. 

Dip  almost  vertical  toward  mouth  of  tunnel. 

•I  Inclnded  in  sample  No.  2;  see  analysis,  p.  27. 
''Included  in  stimple  No.  3,  see  analy.sl8,  p.  27. 


In.   Ft.  in. 
20 
6 
17      6 


5      8 


2      8 
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The  following  sections  give  the  details  of  Nos.  14  and  18  of  the  condensed  section: 

Section  in  opening  No.  S  near  WaUon^s  camp,   ChickcUoon  Creek  (No.  14  of  condensed 

section). 

Ft.  in.    Ft.  in. 

Shale ^ 10 

CkMil 1    4 

Shale 6       Q 

Bone 6 

Ooala 7 

Shale  with  coal  streaks 4    6 

Strike  N.  72*'.,  dip  72<',  75^  SS**  NW. 

Section  in  tunnel  No,  5,  Chickaloon  Creek  {No.  18  of  condensed  section). 

Ft.  in.    Ft.  in. 

Shale 10 

Coalb 18     18 

Shale 6 

Bony  coal 1      8 

Shale 10 

Coaib 6   2     6     2 

Shale 28 

Strike  N.  62°  E.,  dip  51°  NE. 

The  (^oal  seams  exposed  or  opened  on  Kings  Creek  gave  the  following  sections: 

Section  in  tunnel  on  east  bank  of  Kings  Creeky  100  yards  above  upper  bridge. 

Ft.  in.  Ft.  in. 
Dense  impure  coke 6  6 

Bony  shale 1 

Coal 1 

Shale 1 

Coal 8 

Bone 16    3 

Coal 1    2 

Bony  coal 9 

Coal 2    6 

Hard  shale. 

This  section  probably  represents  the  6  feet  of  impure  coal  of  No.  22  in  the  section 
on  page  14,  and  is  the  same  seam  as  the  following: 

Section  in  open  cut^  10  feet  south  of  last  opening. 

Ft.  in. 

Coal  ( no  cover) 3 

Shale 2 

Coal 1     2 

Soft  impure  coal 2 

Coai 1      8 

Shale 3 

Coal 3 

Shale  and  coal 7 

Coal 2      8 

Hard  shale  floor. 


9    11 


«i  Included  in  nample  No.  5;  see  analysis,  p.  27. 
b  Included  m  sample  No.  6;  see  analysis,  p.  27. 
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The  following  section  j^ivee  the  details  of  No.  24  in  the  section  on  page  14: 

Section  in  opening  on  west  bank  of  Kings  Creek  at  upper  bridge. 

Ft.  In. 

Coala ; 2     5 

SondBtone 2 

Coala 1     4 

Shale 1 

Coal..: 1     5 

SanditODe 1 

Bony  coal  a 1 

Sandstone 1 

Coala S     4 

9    11 
Strike  N.  42*'  W.  (magnetic),  dip  42*»  NE. 

The  coal  on  Young  Creek  is  of  intermediate  character  between  that  on  Kings  and 

Chickaloon  creeks  and  soath  of  the  Matanuska  and  that  in  the  west  end  of  the  field 

on  Eska  and  Tsadaka  creeks.     It  is  reported  that  one  or  more  seams  of  w^orkable 

thickness  have  been  foand,  but  the  following  is  all  that  was  seen  by  the  writer: 

Section  on  west  bank  of  Young  Creek,  at  eleixition  of  1,586  feet. 

Ft.  In.   Ft.  in. 

Shale 10 

Sandstone 2 

Shale 4 

Sandstone 1 

Shale 4 

Coal* 1          1 

Shale 16 

Coal 6          6 

Shale  with  sandstone  bands 16 

Sandstone 1 

Snale 10 

Strike  N.  15**  E.  (magnetic),  dip  20°  NW. 

Western  district. — The  coal  in  the  west  end  of  the  bituminous  belt,  as  seen  on  Eska 
and  Tsadaka  creeks,  has  been  considered  locally  as  lignite.  The  analyses,  however, 
indicate  that  it  is  in  all  probability  a  low-grade  bituminous  coal,  and  this  conclusion 
is  supported  by  the  fact  that  the  coal  does  not  differ  greatly  in  physical  properties 
from  some  of  that  on  Chickaloon  and  Kings  creeks.  The  seams  have  about  the  same 
characteristics  as  those  to  the  east.  Much  of  the  coal  is  bright  and  hard,  but  there 
are  frequently  dull  bands  with  a  shaly  fracture  which  resembles  a  very  coaly  bone. 
The  appearance  of  these  may  be  due  in  part  to  impurities,  but  is  possibly  also  caused 
in  part  by  less  complete  carbonization.  There  is  little  doubt  that  the  coal  is  of  Ter- 
tiary age,  and  the  beds  are  presumably  the  stratigraphic  equivalents  of  some  of  those 
to  the  east. 

Section  on  west  bank  of  Eska  Creek,  elevation  876  feet. 

Ft.  in.    Ft.  in. 

Shale  and  sandstone 10 

Coalc 1    3  ^ 

Shale 1 

Coalo 1    4 

Shale 1 

Coal.bony 1    3  }    7    8» 

Shale k 

Coal,  bony 1    1 

Shale 1 

Coal  with  some  shale  and  twne 2    6  , 

Shale 

Coaly  shale 

Strike  N.  30°  E.  (magnetic),  dip  44°  NW. 


a  Included  in  samples  Nos.  13  and  14;  see  analyses,  p.  27. 
b  Included  in  sample  No.  17;  see  analysis,  p.  28. 
0  Included  in  sample  No.  18;  see  analysis,  p.  28. 
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Section  on  west  bank  of  Eska  Creeky  about  SOO  feet  farther  up. 

Ft.  ill. 
Shale  roof. 

Coal  a 3     3 

Shale 3 

Coal 11 


Shale. 
Coal... 
Shale. 
Coal... 


Shale 

Coal 

Soft  black  Bhalc. 


7     0 
Dip  NW. 

Section  on  Enka  Creek,  about  600  feet  abot'e  lower  section. 

Ft.    in. 
Shale  and  sandstone. 

Coal : 2       6 

Dirty  coal 1  -h 


Dip  32*»  SE. 


Sectimi  in  bluff  on  west  bank  of  Eska  Creek,  elevation  1,080  feei. 


Sandstone  

Coal 

Shale 

Coal 

Shale 

Coal 

Concretionary  shale 

Black  shale 

Coaly  shale 

Coal,  shaly 

Coal 

Shale  with  some  coal . 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 


Ft.  in.  Ft.  in. 
16 

2  2 
15 

8  8 

3 

3  3 
6 
ft 
1 

6 
9 
8 
1 


11     4 


12 


Strike  N.  40°  W.  (magnetic),  dip  40*'  SW. 
A  fault  cuts  this  bluff  and  the  section  was  measured  above  it. 
is  northeast  and  the  dip  southeast. 


Below  it  the  strike 


a  Included  in  sample  No.  19:  .see  aualysin,  p.  28. 
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The  following  measarements  were  made  on  Tsadaka  Greek: 

Section  of  coal  near  upper  end  of  Tsadaka  Creek  gorge y  elevation  700  feet. 


Flmlle  black  shale 

Ft. 

in. 

2 
1 
4 
6 

2 
4 

ei 

Ft.  in. 
1 

Carbonaceous  shale                      ....           ... 

6 

Sandstone 

2 

Coal 

Sandstone 

Bright  coal  a 

2 

Shale 

Bright  coala 

2 

8      1 

Dull  coal  a 

1 

Shale 

Dull  coal 

1 

Shale 

1 

Massive  sandstone 

6 

12      8 


Strike  N.  20*'  W.,  dip  24°  NE. 
Section  on  east  bank  of  Tsadaka  Creek ^  about  100  yards  belotv  upper  cabin^  elevation  7/^0  feet. 

Ft.  in.    Ft.  in. 

Coal  with  hard  ferruginous  InclusionN 3  8 

Shale 2 

Coal  (bright)  fc 4     6 

Shale '  2 

Coal  (bright  and  hard)  fc : 7 

Soft  shaly  coal 1 

Soft  shale  with  abundant  iron-ore  concretions 80± 

Massive  sandstone 10± 

Strike  N.  50*»  E.,  dip  43°  NW. 

A  westward  extension  of  the  coal  is  reported  on-  Little  Sushitna  River,  but  that 
region  was  not  visited  by  the  writer.  The  coal  is  said  to  occur  in  thin  beds  and  to  be 
lignite,  but  it  is  not  known  whether  it  is  a  true  lignite  or  a  low-grade  bituminous  coal 
like  that  on  Eska  and  Tsadaka  creeks. 

ADJACENT  COAL   FIELDS. 

.  Coal  is  reported  from  numerous  localities  in  the  region  surrounding  that  described 
in  this  report.  The  information  regarding  many  of  these  is  meager,  but  it  never- 
theless seems  best  to  bring  it  together  here. 

There  is  an  area  of  lignite  at  or  near  Point  Campbell,  at  the  juncture  of  Knik  and 
Turnagain  arms,  which  has  been  used  to  a  limited  extent  as  local  domestic  fuel. 
The  coal  seen  by  the  writer  had  been  picked  up  at  the  outcrop  and  was  a  lignite  of 
rather  poor  quality.  It  may  be  that  the  coal  from  this  bed  would  be  better  where 
not  so  badly  weathered,  or  that  there  are  more  valuable  seams  in  the  vicinity. 

Mendenhall  states <*  that  "along  the  upper  course  of  Bubb  Creek  ♦  *  *  thin 
coals  may  occasionally  be  seen  interbedded  with  the  shales  and  sandstones  forming 
the  stream  bluffs."     No  further  information  in  regard  to  them  is  given. 

Coal  in  thin  beds  is  reported  from  Hicks  Creek,  about  3  miles  above  its  mouth,  and 
as  "float"  near  the  headwaters  of  the  Tazlina. <' 

An  outcrop  of  coal  on  Chickaloon  Creek,  about  26  miles  above  the  mouth  of  Boulder 
Creek,  was  reported  by  Sergeant  Mathys,  of  Captain  Glenn's  expedition.  It  is  de- 
scribed«  as  "a  vein  of  coal  running  across  the  ridge,  which  was  4  feet  in  width  and 


a  Included  in  sample  No.  20;  see  analysis,  p.  28. 

fc  Included  in  sample  No.  21;  see  analysis,  p.  28. 

cOp.  cit.,  p.  324. 

dQlenn,  Capt.  E.  F..  Reports  of  Explorations  in  the  Territory  of  Alaska,  War  Dept.,  Adjutant-Gen- 
eral's  Office,  No.  25. 1899.  p.  112. 

« Mathys,  Seivt.  Frederick,  Reports  of  Explorations  in  the  Territory  of  Alaslca,  War  Dept.,  Adju- 
Unt-Qeneral's  Office,  No.  25, 1899,  p.  274. 
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apparently  a  very  good  quality  of  soft  coal.''  This  is  of  considerable  importance  as 
probably  showing  a  recurrence  of  coal-bearing  rocks  not  far  north  of  the  Matanuska 
Valley. 

There  appears  to  be  a  considerable  area  of  coal  or  lignite  in  the  Sushitna  Valley, 
in  the  vicinity  of  the  mouth  of  the  Talkeetna.  Some  of  the  exposures  were  seen 
by  Eldridge,«  who  describes  them  as  follows: 

*  The  third  coal  field  along  the  main  river,  4  to  10  miles  above  the  Chulitna,  appears  in  outcropo  for 
a  distance  of  6  or  7  miles  and  is  perhaps  the  exposed  portion  of  an  extensive  area.  The  strata  form 
bluffs  100  to  300  feet  high,  and  consist  of  clays  and  sandstones— the  former  predominating— with  coal 
seams  from  6  inches  to  6  feet  thick.  There  are  perhaps  ten  or  fifteen  coal  beds  exposed  in  the  entire 
length  of  the  outcrop.  Their  general  dip  is  5^  to  10^  SSE.,  with  undulations.  The  thickness  of  the 
series  exposed  is  perhaps  600  feet. 

Other  exposures  in  the  same  general  district  were  described  by  Lieutenant  Learned, 
who  said:'' 

As  the  party  under  my  charge  proceeded  up  the  Sushitna  River  specimens  of  coal  were  found  on 
the  sand  bars  from  time  to  time,  but  more  plentifully  as  the  forks  were  approached.  On  the  way 
down  the  river  an  outcropping  of  coal  was  seen  on  the  east  fork  of  the  Sushitna  River,  about  2  miles 
south  of  the  fork.  The  vein  could  not  be  measured,  but  as  near  as  could  be  determined  it  was  about  6 
feet  thick  and  of  a  poor  quality. 

Upon  entering  the  Talkeetna  River  coal  was  seen  on  the  bars  and  banks,  and  the  same  coal  was 
found  in  the  Chinaldna  River.  It  was  the  main  fuel  used  at  the  camp  on  the  Chinaldna  River  for 
about  two  months.  The  coal  found  there  was  a  brown  lignite  of  about  the  same  grade  as  the  best 
found  in  the  vicinity  of  Tyoonok.  The  vein  was  located  first  by  Sergeant  Yanert,  and  is  noted  on 
his  map.  It  is  about  6  miles  above  the  mouth  of  the  Chinaldna,  at  the  base  of  n  cut  gravel  bank 
about  100  feet  high.  When  seen  by  Sergeant  Yanert  the  water  w&n  clear  and  the  Vein  could  be  traced 
across  the  river  to  the  east  bank.  When  I  visited  the  vein  the  river  was  flooded  and  therefore  very 
muddy.  As  near  as  could  be  determined  by  me  the  vein  was  6  feet  out  of  and  fully  as  much  more 
under  the  water,  making  it  12  feet  thick,  but  Private  Gamble,  who  had  seen  it  in  clear  water,  said  it 
was  at  least  15  feet  thick  and  perhaps  much  more,  as  it  extended  across  the  river,  forming  its  bed, 
and  there  was  no  way  of  determining  the  thickness  of  that  part  forming  the  bed  of  the  river.  The 
vein  is  only  slightly  tilted,  and  comparatively  easy  to  work  if  occasion  should  ever  render  it  valuable. 
•  •  •  All  of  the  coal  found,  when  consumed,  gave  a  fair  amount  of  heat,  but  left  a  large  amount 
of  ashes.  *  *  *  Sergeant  Yanert  reported  that  he  found  another  large  coal  vein  on  the  Chulitna 
River  of  about  the  same  grade  as  the  Tyoonok  coal.  It  is  doubtful  if  the  coal  found  will  ever  have 
any  commercial  value,  except  such  value  as  it  possesses  for  fuel  in  the  vicinity,  and  even  that  will 
be  small,  because  of  the  timber  found  in  the  same  localities.  Enough  was  ascertained  to  show  that 
there  is  plenty  of  coal  of  an  inferior  grade  along  the  Sushitna  River. 

The  Cook  Inlet  coal  fields  have  already  been  described  by  various  authors.  All 
existing  information  was  summarized  in  1902  by  Brooks,^  who  gave  complete  refer- 
ences to  the  earlier  publications. 

ANALYSES  AND  TESTS. 

Chemical  and  calorimetric  tests.— The  samples  collected  by  the  writer  were  (with  the 
exception  of  No.  3)  all  taken  in  a  uniform  manner.  They  were  obtained  by  making 
a  cut  across  a  fresh  face  of  the  coal  from  roof  to  floor,  cutting  down  only  the  coal 
wliich  would  probably  be  loaded  and  leaving  out  such  impurities  as  could  be  sepa- 
rated in  the  ordinary  practices  of  actual  mining.  They  are  thus  supposed  to  repre- 
sent the  quality  of  the  coal  wliich  would  be  mined  from  these  seams.  The  parts  of 
each  seam  which  went  into  the  sample  are  indicated  in  the  local  sections.  No.  3 
was  taken  from  only  the  best  parts  of  the  seam  (see  p.  21)  and  impurities  were 
rejected  which  could  be  separated  in  practice  only  by  very  careful  treatment,  such 
as  in  "screened  and  hand  picked"  coal,  or  possibly  by  some  mechanical  process  or 
by  washing.  The  object  of  this  selection  was  to  show,  by  a  comparison  of  analyses 
Nos.  2  and  3,  what  could  probably  be  gained  in  practice  by  such  careful  separation 
of  impurities. 

aEldridge,  G.  H.,  A  reconnaissance  in  the  Sushitna  basin  and  adjacent  territory  in  1898:  Twentieth 
Ann.  Rept.  U.  8.  Gcol.  Survey,  pt.  7, 1900,  p.  2*2. 

<> Learned,  Lieut.  H.  G.,  Reports  of  explorations  in  the  Territory  of  Alaska,  War  Dept.,  Adjutant- 
General's  Office,  No.  26,  1899,  pp.  162-1(53. 

0  Brooks.  A.  H.,  The  coal  resources  of  Alaska:  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt  8, 
1902,  pp.  543-546. 
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The  samples  which  the  writer  collected  were  all  analyzed  by  Mr.  F.  M.  Stanton 
at  the  United  States  Geological  Survey  coal-testing  plant  at  St.  Louis,  Mo.  The 
methods  of  analysis  are  described  in  their  reports. « 

The  other  analyses  were  gathered  from  a  variety  of  sources.  Nos.  4,  S,  10, 12,  and 
14  are  based  on  duplicates  of  samples  taken  by  the  writer.    The  others  are  of  varied 


character,  some  being  fair  representations  of  the  seams  and  some  random  selections 
of  the  Ix'st  coal.     The  localities  from  which  the  samples  came  are  indicated  in  fig.  4. 


a  Preliminary  report  on  the  operations  of  the  coal-testing  plant  of  the  United  Btates  Geological 
Survey  at  the  Louisiana  Purchase  Exposition.  St.  Louis,  Mo.,  1904:  Bull.  U.  S.  Geol.  Survey  No.  261. 
1905.  pp.  30-31.  Report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological 
Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904:  Prof.  Paper  U.  S.  Geol.  Survey  No. 
4H,  1906,  pp.  174-192. 
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The  anthracite  coal  is  represented  by  a  single  analysis  (No.  1),  which  shows  it  (so 
far  as  this  one  outcrop  is  concerned)  to  compare  not  unfavorably  with  some  of  the 
Pennsylvania  anthracite. 

Comparison  of  Matanuska  and  Penyisylvania  anthracite. 


Coal. 

Moisture. 

Volatile 
matter. 

Fixed 
carbon. 

AHh. 

Sulphur. 

Fuel 
ratio. 

Matanuska 

2.56 
3. 39 

7.08  j       84.32 
3.81         «i.7a 

6.05 
8.42 

0.67 
.59 

11  91 

Peniifiylvania  (average  of  9) « '. 

22.33 

"Ashbumer,  C.  A.,  Ann.  Rept  Geol.  Survey  Pennsylvania,  1885,  p.  818. 

The  coals  i-epresented  by  analyses  2  to  17  are  near  the  border  line  between  semi- 
bituminous  steam  coals  (as  the  name  is  generally  used  in  the  trade,  but  not  according 
to  Frazer's  definition)  «  and  bituminous  coking  coals.  They  are  rather  high  in  ash, 
but  are  otherwise  of  good  quality.  Analyses  5  and  6  bring  the  average  abnormally 
high,  but  even  aside  from  these  most  of  the  seams  are  so  impure  that  mechanical 
separators  or  washing  should  be  used  to  remove  part  of  the  impurities.  The  purer 
of  these  coals  correspond  very  closely  to  the  Crows  Nest  Pass  (British  Columbia) 
coal,  ft  which  is  the  standard  coking  coal  of  western  North  America,  and  approximately 
to  some  of  the  coking  coal  of  the  East. 

The  lower-grade  bituminous  coal  on  Eska  and  Tsadaka  creeks,  which  the  analyses 
show  to  be  intermediate  between  first-class  bituminous  coal  and  the  lignite  coals, 
should  probably  be  called  bituminous  rather  than  lignite,  as  it  is  usually  called  in 
the  region.  It  is  of  about  the  same  composition  as  the  Franklyn,  Black  Diamond, 
and  Renton  (Washington)  coal.  It  will  probably  not  make  good  coke,  but  should, 
serve  well  under  stationary  boilers,  and  possibly  as  a  locomotive  fuel  and  for  other 
local  uses.  It  should  be  especially  well  adapted  to  the  generation  of  power  by  the 
use  of  producer  gas  in  a  gas  engine. 

Coking  qualities. — A  rough  test  of  the  coking  qualities  of  the  coal  from  tunnel  No. 
2  on  Chickaloon  Creek  (see  p.  21)  was  made  during  the  summer  of  1905,  by  coking 
a  large  pile  of  coal  under  a  covering  of  stones  and  dirt.  The  resulting  coke  was  hard 
and  firm  and  had  a  goo<i  ring  and  a  good  texture.  The  test  showed  conclusively 
that  a  satisfactory  grade  of  coke  can  Ije  produced. 


MINING   CONDITIONS. 

There  are  no  serious  difficulties  in  the  way  of  mining  these  coals.  The  dips  are 
so  steep  (10°  to  60°  on  the  anthracite,  18°  to  85°  in  the  east  end  of  the  bituminous 
area,  and  20°  to  44°  in  the  west  end  of  the  bituminous  area)  that  some  method  of 
stoping  will  have  to  be  used.  Miners  who  are  accustomed  to  the  steep  dips  in 
some  of  the  coal  mines  of  Washington  and  British  Columbia  will  have  no  difficulty 
in  this  field.  Drifts  can  be  run  from  the  level  of  some  of  the  main  streams  and 
enough  coal  found  above  drainage  to  supply  the  mines-  for  some  time.  It  will  ulti- 
mately be  necessary  to  resort  to  slope  or  shaft  mining.  These  methods  (or  tunnels 
across  the  measures  from  the  upper  floor  of  the  Matanuska  Valley)  will  probably 
have  to  be  used  on  the  anthracite  very  soon.  But  no  operations  should  be  under- 
taken in  the  anthracite  area  without  thoroughly  investigating  the  amount  of  work- 
able coal,  both  by  carefully  exploring  the  surrounding  country  in  search  of  outcrops 
and  by  testing  the  thickness  and  continuity  of  the  seams  by  boring  or  other  under- 
ground work.  There  is  an  abundant  local  supply  of  wood  for  building  and  mine 
timbering. 


a  Rept.  Geol.  Sur>'ey  Pennsylvania,  vol.  MM.  1879,  pp.  144-145. 

b Martin.  G.  C.  Markets  for  Alaslca  coal:  Bull.  U.  S.  Geol.  Survey  No.  284, 1906,  p.  29. 
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It  will  be  necessary  to  wash  or  otherwise  clean  the  coal  from  some  of  the  seams. 
The  percentage  of  ash  can  be  reduced,  by  washing,  from  10,  12, 15,  23,  and  27  per 
cent  to  less  than  half  and  probably  in  some  cases  to  a  quarter  of  these  figures.  The 
tests  at  the  coal-testing  plant  of  the  United  States  Geological  Survey  showed  instances  « 
where  the  percentage  of  ash  was  reduced  as  follows: 

ResiUUi  of  \oashing  tests. 


Percentage  of  ash 
in- 

Raw 
coal. 

Washed 
coal. 

22.44 

9.42 

13.40 

7.16 

28.39 

7.59 

13.81 

6.22 

10.69 

5.86 

9.99 

6.83 

7.76 

7.49 

25.06 

8.14 

16.00 

10.25 

15.22 

10.28 

It  is  probable  that  with  a  plant  adapted  especially  to  some  particular  coal  and  with 
employees  experienced  in  handling  that  coal  even  better  results  could  be  obtained. 

TRANSPORTATION   AND   MARKETS.  ^ 

None  of  this  coal  can  be  used  until  a  railroad  is  built  to  tide  water.  The  Alaska 
Central  Railway,  now  building  from  Seward  to  the  interior,  is  expected  to  tap 
this  coal  field.  The  coal  may  then  find  a  market  for  use  as  motive  power  on  the 
railroad;  for  fuel  in  the  towns  and  mines  which  may  grow  up  along  the  line  of  the 
railroad  and  at  its  termini;  for  coke  at  the  possible  Alaska  smelters;  for  bunker  coal 
on  the  ocean  and  river  steamers  touching  at  the  termini  of  the  railroad,  and  for 
export  The  question  of  markets  and  of  competition  with  other  fuels  has  been 
discussed  in  detail  in  another  paper.  ^ 

GOLD. 

The  terrace  and  stream  gravels  along  the  Matanuska  are  reported  to  carry  small 
amounts  of  gold,  but  no  locality  has  yet  been  found  which  is  rich  enough  to  be  worked. 
It  is  entirely  possible  that  placer  deposits  will  be  found  in  this  region,  but  they  will 
probably  be  on  the  tributaries  rather  than  in  the  main  Matanuska  Valley  or  in  the 
broad  gravel  sheet  at  its  mouth.  A  placer  deposit  is  now  being  worked  in  the  moun- 
tains north  of  Little  Sushitna  River  with  considerable  reputed  success.  The  geo- 
logic conditions  in  the  vicinity  are  not  known.  The  Tumagain  Arm  placers  ^  which 
have  long  been  successfully  worked,  are  not  far  south  of  the  Matanuska  Valley.  It 
is  quite  possible  that  conditions  similar  to  those  at  these  localities  will  be  found  some- 
where adjacent  to  the  Matanuska. 

a  Preliminary  report  on  the  operations  of  the  coal-testing  plant  of  tlie  United  States  Geological  Sur- 
vey at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904:  Bull.  U.  S.  Geol.  Survey  No.  261.  1906, 
pp.  60-78. 

b  Martin,  Q.  C,  Markets  for  Alaska  coal:  Bull.  U.  S.  Geol.  Survey  No.  284, 1906,  pp.  18-29. 

e  Mofftt,  F.  H.,  The  goldplacers  of  Tumagain  Arm:  Bull.  U.  S.  Geol.  Survey  No.  269,  1905,  pp.  90-99; 
Mineral  lesoorces  of  the  Kenai  PeninsuU,  Alaska:  Bull.  U.  3.  Geol.  Survey  No.  277, 1906,  pp.  7-62. 
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Metalliferous  veins  carrying  both  gold  and  copper  are  reported  in  the  mountains 
bordering  the  Matanuska  Valley.  Very  little  is  known  r^arding  either  these 
reputed  discoveries  or  the  geology  of  the  localities  in  which  they  are  supposed  to  have 
been  made. 

IRON  ORE. 

The  shales  which  contain  the  coal  in  the  region  between  Tsadaka  and  Chickaloon 
creeks  contain  also  numerous  beds  of  iron-carbonate  concretions.  Several  of  these 
are  shown  in  the  sections  on  Chickaloon  Creek  recorded  on  pages  12  and  13.  The 
concretions  vary  in  diameter  from  a  fraction  of  an  inch  to  several  feet.  They  are 
often  so  abundant  as  to  make  solid  beds  of  the  ore.  These  beds  are  from  a  few  inches 
to  2  or  3  feet  in  thickness. 

Anab/gis  of  ferroiut-carbonate  concretion  frojn  Tsadaka  Creek, 

Total  Iron 19.6 

Insoluble  in  HCl 26.5 

The  bed  from  which  this  particular  sample  came  is  too  poor  in  iron  to  be  of  value. 
It  is  possible  that  further  search  will  bring  to  light  beds  which  are  thick  enough  and 
high  enough  in  iron  to  be  worked  on  a  small  scale. 

Another  specimen  from  Tsadaka  Creek  which  had  apparently  been  partially 
reduced  from  contact  with  a  burning  coal  bed  contained  70  per  cent  Fes04  and  20  per 
cent  FejOj,  or  a  total  of  63. 8  per  cent  iron.  This  sample  of  ore  is  of  good  quality,  but 
the  amount  is  far  too  small  to  be  of  value.  Its  chief  interest  is  in  its  origin.  One  of 
the  beds  of  iron  carbonate  had  been  brought  in  contact  with  a  coal  seam  by  faulting. 
In  some  w^ay,  probably  from  a  forest  fire,  the  coal  caught  fire,  with  not  only  the 
usual  result  of  baking  the  overlying  shales  but  also  that  of  reducing  the  iron  from  the 
form  of  carbonate  to  that  indicateil  in  the  analysis. 
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INTRODUCTION. 


By  J.  A.  Holmes. 


ORGANIZATION. 


The  authority  for  continuing  at  St.  Louis,  Mo.,  the  investigation  of  the  fuel  values  and 
possibilities  of  the  coals  and  lignites  of  the  United  States,  inaugurated  at  the  Louisiana 
Purchase  Exposition  in  1904,  is  contained  in  the  act  of  Congress  making  appropriation  for 
the  sundry  civil  expenses  of  the  Government  for  the  fiscal  year  ending  June  30, 1906.  This 
act  carried  an  item  of  $202,000  "for  the  analyzing  and  testing  of  the  coals,  lignites,  and 
other  fuel  substances  of  the  United  States  in  order  to  determine  their  fuel  values,  and  so 
forth,  under  the  supervision  of  the  Director  of  the  United  States  Geological  Survey.'' 

This  appropriation  became  available  within  a  few  days  subsequent  to  the  passage  of  the 
bill  (March  3,  1905)  and  the  investigations  were  resumed  May  1 ,  following.  The  appropri- 
ation covers  the  period  from  May  1,  1905,  to  July  1,  1906,  but  the  present  preliminary 
report  covers  the  period  from  May  1  to  December  31,  1905.  During  this  period  the  work 
has  been  carefully  conducted  and  the  methods  of  procedure  improved,  as  compared  with 
those  used  during  the  Exposition  period,  but  the  scope  of  the  work  has,  as  heretofore,  been 
largely  limited  to  a  series  of  comparative  tests,  made  as  nearly  as  possible  under  similar 
conditions,  of  the  sampled  of  bituminous  coal  and  lignite  collected  from  the  different  coal 
fields  of  the  United  States. 

LOCATION  AND  BUILDINGS. 

The  plant  in  which  these  investigations  are  carried  on  has  remained  at  its  original  loca- 
tion in  Forest  Park,  in  the  city  of  St.  Louis,  Mo.,  the  grounds  formerly  occupied  by  the 
Exposition. 

The  preliminary  installation  of  the  plant  included  a  chemical  laboratory,  a  boiler  and 
engine  house,  a  storage  and  washery  building,  two  buildings  for  briquetting  purposes,  a 
drying  plant,  and  three  full-size  beehive  coke  ovens,  all  of  which,  with  the  exception  of 
the  building  containing  the  chemical  laboratory,  were,  as  previously  reported,  furnished  at 
the  expense  of  the  United  States  Government.  The  chemical  laboratory,  during  the  Expo- 
sition period,  was  installed  in  a  building  occupied  during  the  Exposition  as  a  metal  pavilion, 
but  now  utilized  for  cement-testing  investigations.  To  the  group  of  fuel-testing  buildings 
have  been  added  two  others  left  from  the  Exposition — one  a  foundry  building,  100  by  125 
feet,  for  coking  investigations,  into  which  the  chemical  laboratory  has  been  transferred; 
the  other  a  building  now  used  for  offices  which  was  formerly  the  State  building  of  South 
Dakota.  The  foundry  building  was  supplied  by  the  Exposition  company  without  charge; 
the  office  building,  a  12-room  house  about  150  yards  from  the  boiler  plant,  was  leased  from 
private  parties,  and  a  small  monthly  rental  is  paid. 

The  facilities  at  the  plant  for  the  storage  of  coal  received  for  testing  purposes  have  been 
largely  increased.  In  the  original  washery  building  there  were  four  35-ton  and  two  17-ton 
bins.  To  these  have  been  added  five  35-ton  bins  on  the  northwest  side  of  the  washery 
building,  immediately  over  the  railway  track;  foul*  25-ton  bins  on  the  northwest  side  of 
the  boiler  room,  and  three  50-ton  auxiliary  bins  on  the  ground  adjacent  to  the  coke  ovens. 
Two  5-ton  bins  have  been  added  on  the  gas-producer  platform.  These  have  brought  the 
storage  capacity  from  175  tons  in  1904  up  to  610  tons  in  1905. 
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EQUIPMENT. 

The  major  part  of  the  equipment  of  the  plant  during  the  current  year  has  remained 
much  as  it  was  during  1904,  though  a  number  of  additions  have  been  made.  In  the  list 
given  below,  the  equipment  mentioned  in  the  reports  for  1904  a  is  included  for  the  conven- 
ience of  those  who  may  not  have  access  to  those  reports;  the  articles  which  have  been 
subsequently  added  are  marked  with  an  *.  The  new  equipment  is  described  more  fully 
in  the  accompanying  papers  relative  to  the  work  of  each  division.  The  following  list  con- 
tains the  more  important  items  for  all  the  divisions: 

Two  Heine  water-tube  boilers,  210  horsepower  each,  contributed  by  the  Heine  Safety 
Boiler  Company,  of  New  York  and  St.  Louis. 

One  Allis  Corliss  engine,  contributed  by  the  Allis-Chalmers  Company,  of  New  York  and 
Chicago.  The  Corliss  engine  was  belt-connected  to  a  Bullock  electric  generator  contrib- 
uted by  the  Bullock  Electric  Manufacturing  Company,  of  Cincinnati,  Ohio. 

One  Frost  fire-tube  boiler  of  100  horsepower  and  a  50-horsepower  slide-valve  engine, 
both  contributed  by  the  Frost  Engine  Company,  of  Galesburg,  111. 

Two  Taylor  gas  producers  (one  7-foot  producer  and  one  8-foot  producer  with  inside 
diameter  reduced  to  7  feet  by  fire  brick),  with  complete  outfit  for  scrubbing  and  purifying 
gas,  supplied  by  R.  D.  Wood  &  Co.,  of  Philadelphia.  These  producers  are  installed  to 
operate  alternately  with  one  tar  extractor  and  one  engine. 

One  Westinghouse  gas  engine  of  235  brake  horsepower,  supplied  by  the  Westinghouse 
Machine  Company,  of  Pittsburg,  and  operated  by  the  gas  made  in  the  Taylor  producers. 

One  Westinghouse  electric  generator,  belt-connected  to  the  gas  engine,  supplied  by  the 
Westinghouse  Electric  and  Manufacturing  Company,  of  Pittsburg. 

Seven  motors  of  different  horsepower,  required  for  the  operation  of  the  different  portions 
of  the  plant,  supplied  by  the  Westinghouse  Electric  and  Manufacturing  Company. 

One  Bartlett  direct-heat  rotating  drier  for  driving  out  the  moisture  from  washed  coals 
and  lignites  whose  moisture  contents  were  too  high  to  permit  successful  briquetting,  con- 
tributed by  the  C.  O.  Bartlett  &  Snow  Company,  of  Cleveland,  Ohio.   ' 

One  briquetting  plant  supplied  by  William  Johnson  &  Sons,  of  Leeds,  England. 

A  washing  plant  equipped  with  two  Luhrig  jigs,*  constructed  at  the  plant,  and  a  modi- 
fied Stewart  jig,  supplied  by  the  Link  Belt  Machinery  Company,  of  Chicago. 

A  battery  of  three  full-size  beehive  coke  ovens,  constructed  of  red  brick  and  lined  with 
fire  brick,  contributed  by  the  Laclede  Fire  Brick  Manufacturing  Company,  of  St.  Louis. 

One  7-ton  larry  *  for  use  in  charging  the  coke  oven,  contributed  by  the  Frick  Coke 
Company,  of  Pittsbui^. 

One  Climax  gasoline  gas  machine,*  about  1,000  candlepower,  supplied  by  the  Federal 
Gas  Company,  of  St.  Louis,  for  use  in  the  chemical  laboratory  (this  being  rendered  neces- 
sary by  the  cutting  off  of  the  city  gas  supply  from  these  grounds  after  the  Exposition 
closed). 

One  McClave  rocking  grate.* 

One  forced-draft  outfit,*  consisting  of  a  blower  and  a  direct-connected  steam  engine, 
supplied  by  the  B.  F.  Sturtevant  Company. 

The  foregoing  list  includes  all  that  might  properly  be  considered  testing  machinery,  but 
the  following  additional  incidental  equipment  and  material  were  contributed  by  the  firms 
mentioned: 

One  Williams  cnishcr,  by  the  Williams  patent  Crusher  and  Pulverizer  Company,  of  St. 
Louis. 

A  complete  outfit  of  belt-conveying  apparatus,  contributed  and  installed  by  the  Robins 
Conveying  Belt  Company,  of  New  York. 

A  30-inch  Jeffrey  conveying  belt  *  for  delivery  of  coal  to  the  gas  producer  direct  from 
the  car  or  from  the  ground  bins. 

Scales,  by  Fairbanks,  Morse  &  Co.,  of  New  York  and  Chicago. 


a  Bull.  U.  S.  Geol.  Survey  No.  261, 1905,  p.  12;  Prof.  Paper  U.  S.  Geol.  Survey  No.  48, 1906,  p.  26. 
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Smoke-preventing  device,  automatic  steam  jet,  by  H.  H.  Hughes,  of  St.  IjouIs. 

Thermometers  and  pressure  gages,  by  the  Hohmann  &  Maurer  Manufacturing  Company, 
of  Rochester,  N.  Y. 

One  Crosby  recording  steam  gage.* 

Draft  gages,  by  the  Appliance  Manufacturing  Company,  of  Chicago. 

One  Bristol  recording  draft  gage.* 

Feed-water  heater  and  pump,  by  the  Stillwell-Bierce  Smith-Vaile  Company,  of  Cincinnati. 

Le  Chatelier  pyrometers,  by  Charles  Engelhard,  of  New  York. 

One  Wann  optical  pyrometer. 

Engine  indicators  and  attachments,  by  the  Ashcroft  Manufacturing  Company,  of  New 
York,  and  the  Crosby  Steam  Gage  and  Valve  Company,  of  Chicago. 

Metallic  piston  packing,  by  the  Steel  Mill  Packing  Company,  of  Detroit. 

Burroughs  adding  machine,  by  the  American  Arithmometer  Company,  of  St.  Louis. 

Oil  filter,  by  the  Famous  Filter  Company,  of  St.  Louis. 

Gas  meters,  by  the  Pittsburg  Meter  Company,  of  Pittsburg. 

Dumping  car  and  bucket  conveyors,  by  the  Austin  Manufacturing  Company,  of  Chicago. 

Centrifugal  pump,  by  Henion  &  Hubbell,  of  Chicago. 

Calculating  machine,  by  the  KeufTel  &  Esser  Company,  of  New  York. 

Power  crusher  and  automatic  sampler  for  preparing  samples  for  the  chemical  laboratory, 
by  the  F.  W.  Braun  Company,  of  Los  Angeles,  Cal. 

The  plans  for  the  buildings  and  their  arrangement  were  prepared  by  4,he  Roberts  & 
Shacfcr  Company,  engineers,  of  Chicago. 

The  boiler  room  was  thoroughly  equipped  with  standardized  apparatus  for  weighing 
coal  and  water,  for  determining  the  force  of  the  draft,  for  asccrtaioing  the  temperatures 
in  the  different  parts  of  the  furnace,  and  for  analyzing  the  flue  gases.  The  gas  producer 
and  gas  engines  were  also  provided  with  apparatus  for  ascertaining  temperatures,  for  col- 
lecting samples  of  the  gas  as  produced,  and  for  detennining  the  horsepower  developed  in 
the  gas  engine.  The  electrical  horsepower  developed  by  both  the  steam  engine  and  the 
gas  engine  was  ascertained  by  twenty-minute  readings  of  voltmeters  and  ammeters,  and 
the  electrical  horsepower  developed  per  pound  of  fuel  consumed  by  the  two  different 
methods  was  thus  accurately  determined  and  recorded. 

The  chemical  laboratory  was  equipped  with  every  accessary  apparatus  and  chemical 
material  for  making  proximate  and  ultimate  analyses  and  for  determining  the  calorific 
value  of  the  coal.  This  value  was  obtained  by  a  Mahler  bomb  calorimeter,  the  observa- 
tions being  made  in  a  room  especially  set  aside  for  this  purpose.  To  this  equipment  was 
added  during  1905  one  Abbe  ball  mill  for  pulverizing;  a  48-inch  square  steel-top  table  for 
quartering  samples;  one  lai^  drying  oven  for  air-drying  samples,  and  two  moisture  ovens 
for  determining  moisture  at  105°  C.  (these  ovens  especially  designed  by  Prof.  N.  W.  Lord); 
an  additional  bomb  and  two  Galaz  thermometers  for  the  Mahler  bomb  calorimeter  equip- 
ment, and  for  general  use  in  the  laboratory  two  Troemncr  balances,  one  torsion  balance, 
and  a  Climax  gas  machine  (referred  to  above). 

The  railroad  companies  entering  St.  Louis  or  having  coal  resources  along  their  lines 
have  cooperated  most  heartily  with  the  officers  in  charge  of  this  work. 

PERSONNEL. 

Many  of  the  experts  who  were  in  charge  of  the  investigations  during  1904  have  been 
continued  in  charge  of  the  tests  now  being  conducted.  A  number  of  additional  assistants 
however,  have  been  necessary  in  order  that  more  rapid  and  efficient  progress  might  be 
made  with  the  work.  In  addition  to  the  skill  and  services  of  tlic  experts  regularly  em- 
ployed, the  operations  of  the  plant  have  been  aided  by  tlie  hearty  cooperation  and  ready 
and  helpful  advice  of  leading  engineers  resident  in  many  parts  of  the  countrj'.  A  general 
committee,  appointed  by  the  Director  of  the  Geological  Survey,  on  the  investigation  of  coal 
and  other  fuels  is  composed  of  Messrs.  C.  W.  Hayes,  J.  A.  Holmes,  E.  W.  Parker,  and  M.  R. 
Campbell. 
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The  names  of  the  experts  and  assistants  employed  in  connection  with  the  several  divi- 
sions of  the  testing  work  are  presented  in  subjoined  reports  covering  these  tests.  The  fol- 
lowing is  a  list  of  those  in  chai^  of  the  several  divisions  and  the  assistants  having  special 
assignments: 

J.  A.  Holmes,  fuel  expert  in  charge. 

N.  W.  Lord  (University  of  Ohio^  Columbus),  in  charge  of  chemical  woric. 

L.  P.  Breckcnridge  (University  of  Illinois,  Urbana),  engineer  in  charge  of  steaming  tests. 

R.  H.  Femald  (Washington  University,  St.  Louis),  engineer  in  charge  of  producer-gas 
tests. 

C.  T.  Malcomson,  mechanical  engineer,  in  charge  of  general  work  at  the  plant. 

A.  W.  Bclden,  in  charge  of  coking  tests. 

W.  T.  Ray,  assistant  engineer,  in  charge  of  steaming  tests. 

John  D.  Wick,  in  chai^  of  washing  tests. 

John  A.  Laird,  assistant  engineer,  operating  gas  producers. 

J.  P.  Quam,  engineer,  in  charge  of  gas  engine. 

E.  E.  Somermeier,  chemist,  in  chaige  of  laboratory. 

F.  M.  Stanton,  head  chemist. 
Joseph  Underwood,  electrician. 

The  collection  of  the  samples  of  coal  has  been  under  the  supervision  of  Mr.  E.  W.  Parker, 
of  the  Geological  Survey.  The  work  of  collecting  the  samples  has  been  done  mainly  and 
most  efficiently  by  Messrs.  J.  S.  Burrows,  chief  inspector;  and  J.  W.  Groves  and  W.  J. 
Von  Borries,  inspectors.  The  methods  followed  in  the  collection  and  shipment  of  these 
samples  are  fully  described  elsewhere  (pp.  17-18). 

NATURE  AND  RESULTS  OF  THE  INVESTIGATIONS. 

The  principal  branches  of  the  woik  carried  on  include  (1)  taking  samples  of  coal  of  vari- 
ous mines  by  inspectors  employed  by  the  Geological  Survey  for  this  purpose;  (2)  making 
proximate  and  ultimate  chemical  analyses  of  these  samples;  (3)  washing  tests,  to  deter- 
mine the  possibility  of  improving  the  quality  of  the  coal  shipped  by  carloads  from  mines 
inspected;  (4)  coking  tests,  to  determine  the  possibility  of  making  coke  or  of  improving 
the  coking  practice  with  a  view  to  betterment  in  the  quality  of  the  coke  made  from  the^e 
coals;  (5)  gas-producer  tests,  to  determine  the  efficiency  with  which  each  coal  can  be  used 
in  this  manner  for  power  production;  (6)  steaming  tests,  to  determine  the  fuel  value  of 
such  coal  in  the  ordinary  steam  boilers;  (7)  and  briquetting  tests,  to  determine  the  extent 
to  which  the  fines  or  slack  coals  can  be  economically  made  into  briquettes. 

The  results  of  these  investigations  will  be  discussed  more  at  length  in  the  later  and  more 
complete  report.  For  the  purposes  of  this  preliminary  report  the  following  brief  state- 
ment will  suffice: 

The  carefully  made  analyses  of  these  representative  coals  and  lignites  are  giving  to  the 
engineers  of  the  country  data  of  great  value,  not  only  because  this  work  is  done  with  care, 
but  also  because  the  complete  history  of  every  such  sample  is  indicated  and  the  record  is 
authentic  and  reliable.  Up  to  December  31,  1905,  more  than  1,600  such  chemical  analy- 
ses have  been  made,  involving  more  than  7,000  chemical  determinations. 

The  following  tests  have  also  been  made: 

In  the  gas  producer  and  gas  engine,  85  tests,  each  extending  over  two  or  three  days,  of 
coals,  lignites,  and  peats  from  18  States. 

In  the  steam  boilers,  283  tests,  each  of  from  nine  to  eleven  hours'  duration,  of  170  different 
coals  from  18  States. 

In  the  coke  ovens,  110  tests,  each  of  forty-eight  to  seventy-two  hours'  duration,  of  95 
coals  from  16  States.  Of  these  coals  a  large  portion  have  heretofore  been  considered  as 
noncoking  coals. 

In  the  washery  plant  it  has  been  shown  how  the  quality  of  43  coals  from  13  States  and 
several  samples  of  coke  breeze  could  be  improved  by  washing,  at  a  nominal  cost  of  from 
3  to  10  cents  per  ton. 
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In  the  briquetting  plant  a  number  of  new  possible  binding  materials  for  coke  briquettes 
have  been  investigated ,  and  a  few  of  these  have  proved  sufficiently  satisfactory  to  warrant 
further  investigation  as  to  their  more  extended  use,  at  a  probable  cost  considerably  less 
than  that  of  coal-tar  pitch,  which  is  ordinarily  used  for  briquetting  operations.  A  num- 
ber of  lignites,  representing  both  the  extreme  Northwest  and  Southwest,  have  been  bri- 
quetted  under  high  nressure  without  the  use  of  binding  materials,  and  it  has  been  shown 
that  the  cost  of  briquetting  such  materials  should  not  exceed  50  cents  per  ton.  Further- 
more, it  has  been  shown  that  in  the  use  of  certain  briquetted  coals  for  railroad  and  domestic 
purposes  the  increase  in  the  efficiency  of  the  coals  used  in  the  briquetted  form  is  more  than 
sufficient  to  cover  the  cost  of  the  briquetting  operations. 

The  producer-gas  investigations  have  shown  the  suitability  of  bituminous  coals,  lignites, 
and  peats  for  power  purposes  in  the  gas  producer  and  the  gas  engine.  While  there  remain 
difficulties  in  the  way  of  the  general  introduction  of  this  new  source  of  power,  yet  the  results 
of  these  investigations  have  already  contributed  in  an  important  degree  toward  the  over- 
coming of  these  difficulties  and  are  serving  as  a  basis  of  plans  for  new  power  developments  . 
in  many  parts  of  the  country.  Already  14  or  more  different  companies  are  reported  to  be 
making  producers  for  power  purposes  and  others  are  endeavoring  t^  perfect  new  designs. 
It  may  be  added  that  at  two  of  our  great  steel  plants  blast-furnace  gas  engines  have  been 
introduced  for  power  purposes,  and  a  dozen  companies  are  now  either  manufacturing  or 
working  on  plans  for  the  manufacture  of  gas  engines. 

The  advances  made  in  simplifying  and  handling  the  gas-producer  equipment  at  the  St. 
Louis  plant  have  so  increased  its  efficiency  that  the  average  bituminous  coals  recently 
tested  have  yielded  in  it  2.6  times  the  amount  of  power  they  have  given  under  steam  boilers 
of  equivalent  capacity  (210  horsepower),  and  in  several  cases  this  difference  in  favor  of  the 
gas  power  has  been  considerably  great^^r — as  high  as  three  to  one. 

The  development  of  the  steam  boiler  and  engine  has  required  more  than  two  hundred 
years,  for  the  reason  that  along  its  path  there  was  but  little  record  of  accurate  data  to 
serve  as  a  basis  of  invention.  It  is  confidently  hoped  that  the  information  now  being 
secured  and  assembled  by  the  Survey  will  be  the  means  of  stimulating  more  rapid  improve- 
ments and  higher  efficiencies  in  the  use  of  fuels  along  several  lines,  and  particularly  of  dem- 
onstrating the  great  practical  possibilities  of  power  developed  with  the  gas  producer  and 
engine. 

In  connection  with  the  large  beds  of  lignite  found  in  many  of  the  Western  States,  the 
present  investigations  have  been  and  will  continue  to  be  of  much  value  in  showing  how 
these  lignites  may  be  used  to  advantage  for  [>ower  purposes,  either  in  their  natural  condi- 
tion, in  gas  producers  and  gas  engines,  or  briquetted  and  then  used  under  ordinary  boilers, 
in  gas  producers,  or  in  ordinary  domestic  stoves  and  furnaces. 

These  investigations,  in  addition  to  demonstrating  how  many  of  the  so-called  noncoking 
coals  of  the  United  Slates  may  be  coked  by  exercising  increased  care  either  in  the  con- 
struction or  in  the  operation  of  the  ovens,  have  also  shown  how  the  quality  of  certain  of 
these  cokes  may  be  improved  by  adding  pitch  or  other  hydrocarbons  to  the  coal  before 
being  charged  into  the  oven. 

A  not  unimportant  result  of  this  work  is  educational,  through  (1)  the  awakening  of  the 
coal  producers  of  the  country  to  a  more  careful  study  of  their  coals  and  of  possible  methods 
of  improvement  in  quality  by  washing,  etc.,  and  (2)  the  recognition  by  manufacturers  and 
other  coal  consumers  of  the  need  of  using  their  fuels  more  efficiently,  and  of  purchasing 
them  on  a  basis  which  indicates  their  true  heating  value,  rather  than  on  some  general  and 
indefinite  trade  name  or  classification,  or  at  the  'Mowest  price." 

During  the  remainder  of  the  present  fiscal  year  (to  June  30,  1906)  the  work  of  the  fuel- 
testing  plant  will  be  largely  confined  to  comparative  tests  of  the  fuel  efficiencies  of  coals 
and  lignites  collected  from  different  coal  fields.  But  if  provision  is  made  for  continuing 
the  investigations  beyond  this  period,  there  are  a  number  of  important  fuel  problems  that 
await  investigation  and  that  should  be  investigated  by  the  Qovernment,  not  only  because 
of  their  importance  but  because  of  the  further  fact  that  the  solution  of  these  problems  has 
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to  do  with  the  supplies  of  power,  heat,  and  light  and  with  metallurgical  industries  in  every 
part  of  the  country. 

Some  of  the  more  important  of  these  fuel  problems  are  outlined  in  the  following 
paragraphs: 

SOME    PROBLEMS    NEEDING    INVESTIGATION  IN  THE  UTILIZATION  OF 

AMERICAN    FUELS." 

FUELS   FOR   GENERAL   AND   METALLURGICAL  PURPOSES. 

(1)  The  investigation  of  coal  dust  and  coal  gas  in  relation  to  fires  and  explosives  in  coal 
mines  and  elsewhere. 

(2)  An  investigation  of  the  nature  and  extent  of  the  deterioration  or  other  changes  of 
different  coals  when  mined  and  stored  under  different  conditions,  as  affecting  (a)  their 
efficiencies  when  used  in  boilers  or  gas  producers  or  when  used  for  domestic  purposes; 
(6)  their  value  for  coking;  (c)  their  liability  to  spontaneous  combustion. 

(3)  The  development  of  quicker  and  cheaper  methods  of  testing  coals,  lignites,  and  other 
fuels,  based  on  a  knowledge  of  their  chemical  and  physical  characteristics. 

(4)  The  establishment  of  an  equitable  basis  for  the  sale  and  purchase  of  coal  and  other 
fuels,  embodying  a  statement  of  their  heat  units  and  chemical  and  physical  properties. 

(5)  The  determination  of  the  chemical  and  physical  properties  and  fuel  values  of  coals, 
lignites,  and  peats  from  such  fields  as  have  not  yet  been  fully  examined,  or  from  new  depos- 
its that  are  being  or  may  be  opened  up;  also  of  the  comparative  values  for  fuel  and  power 
purposes  of  different  coals,  lignites,  peats,  and  other  substances. 

(6)  The  development  of  briquetting  and  other  methods  for  utilizing  most  efficiently 
slack  or  fine  coals. 

(7)  The  development  of  washing  and  other  methods  of  improving  the  quality  of  low- 
grade  coals  for  different  uses. 

(8)  An  investigation  of  the  advantages  of  sizing  coals  for  different  uses,  under  different 
conditions,  as  compared  with  the  use  of  run-of-mine  coal. 

(9)  Investigations  of  coals  in  their  relation  to  metallurgical  work;  of  conditions  under 
which  the  so-called  noncoking  coals  can  be  made  into  coke  by  mixing  different  coals,  by 
mixing  other  materials  with  the  coals,  or  by  other  methods;  of  the  relative  value  of  cokes 
made  in  different  ovens  and  under  different  conditions;  of  the  most  economical  methods 
of  making  and  using  gases  for  metallurgical  purposes. 

(10)  An  investigation  of  the  extent  to  which  valuable  by-products  can  be  manufactured 
from  the  different  American  coals. 

FUELS   FOR   BOILER   PURPOSES. 

A  study  of  conditions  under  which  different  coals  may  be  most  economically  burned 
under  steam  boilers,  including  the  laws  of  combustion  and  smoke  prevention: 

(1)  By  variation  of  furnace  conditions,  as  to  grates,  baffling,  draft,  rate  of  combustion, 
temperature,  etc. 

(2)  By  variations  in  character  of  the  coal,  as  to  sizes,  etc.,  rate  and  regularity  of  firing, 
condition  of  the  coal,  etc. 

(3)  The  effect  of  distribution  and  composition  of  ash  in  different  coals,  as  to  their  eco- 
nomical burning. 

(4)  Reduction  in  the  ash  by  washing  the  coal  and  other  methods  of  lessening  or  avoid- 
ing the  slagging  of  the  ash  on  grate  bars. 

FUELS  USED  IN  0A8  PRODUCERS. 

(1)  The  conditions  under  which  different  bituminous  coals,  lignites,  and  peats  may  be 
most  efficiently  used  in  gas  producers. 

a  Reproduced  largely  from  Senate  Doo.  214,  59th  Congress,  Ist  sess.,  1906. 
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(2)  The  separation  of  the  tar  and  other  by-products  from  the  gases  made  in  the  pro- 
ducer and  the  commercial  recovery  of  these  by-products,  or  the  fixing  of  the  tar  and  other 
hydrocarbons  as  available  gases  for  power  purposes. 

(3)  The  use  of  slack  coals  in  the  gas  producer  and  the  value  of  the  sizing  of  lump  coals 
for  producer  purposes. 

(4)  Utilization  of  blast-furnace  gases  and  gases  from  coke  ovens  for  power  purposes. 

DETAIJLED  REPORTS  OF  TESTS. 

Reports  in  detail  of  the  results  of  the  various  tests  described  are  printed  on  pages  53-233. 
-  It  will  be  noted  that  the  form  and  order  in  which  the  various  test  tables  are  arranged  dif- 
fer from  those  used  in  the  reports  on  the  fuel  tests  made  during  1904.  a  In  the  present 
report  the  test  records  are  grouped  together  under  the  respective  coal  samples  and  the 
samples  are  presented  by  States  in  alphabetical  order.  That  this  method  of  publication 
is  an  improvement  will  be  apparent. 

ANALYSES  OF  ALASKA  COAL. 

By  way  of  cooperation  with  the  Alaska  division  of  the  United  States  Geological  Survey 

the  laboratory  of  the  fuel-testing  plant  at  St.  Louis  analyzed  34  coals,  samples  of  which 

were  collected  in  the  Bering  and  Matanuska  River  coal  fields  by  Mr.  G.  C.  Martin,  one  of 

the  assistant  geologists  of  the  Survey.    These  analyses  are  to  be  found  on  pages  230-231 

of  this  report. 

INVESTIGATION  OF  PEAT. 

Arrangements  are  being  made  for  an  examination  of  the  nature  and  fuel  value  of  peat 
from  a  number  of  localities  in  the  different  States.  Prior  to  the  writing  of  this  report  peat 
from  but  one  locality  (Massachusetts)  has  been  tested  through  the  producer  and  gas  engine. 
The  results  of  this  test  are  given  on  page  134.  The  peat  was  collected,  cut  into  small  frag- 
ments, pressed  into  crude  bricks  approximately  3  by  6  by  1^  inches  in  size,  and  the  mois- 
ture reduced,  by  air  drying,  from  85  to  45  or  50  per  cent.  In  this  form  the  peat  was  fed  . 
into  the  producer  at  the  rate  of  600  to  750  pounds  per  hour.  The  results  of  the  test  were 
eminently  satisfactory.  The  peat  burned  freely,  evenly,  and  completely.  The  gas  had  a 
fuel  efficiency  of  166  British  thermal  units  per  cubic  foot  of  gas,  as  compared  with  142  to 
159  British  thermal  units  per  cubic  foot  of  gas  made  from  bituminous  coal.  The  engine 
was  run  continuously  during  this  test  under  full  load.  This  same  peat,  cut  into  small 
fragments,  but  in  a  loose  and  wet  condition  (containing  80  to  85  per  cent  of  moisture), 
did  not  bum  satisfactorily  in  the  producer,  and  attempts  to  dry  this  loose  peat  in  the  Bart- 
lett  direct-heat  rotating  dryer  were  unsatisfactory,  owing  in  part,  probably,  to  lack  of 
time  for  readjusting  the  equipment  to  suit  the  unusual  conditions  imposed  on  it  in  hand- 
ling the  peat. 

Shipments  of  peat  from  a  number  of  other  localities  will  be  tested  during  1906  and  efforts 
will  be  made  to  develop  better  facilities  for  handling  the  unbriquetted  material. 

LITERATURE  RELATING  TO  PEAT  AND  ITS  UTILIZATION. 

The  following  list  will  be  found  to  include  a  number  of  articles  of  interest  on  the  charac- 
ter and  extent  of  peat  deposits  and  the  methods  through  which  they  are  utilized  in  different 
countries.  In  a  subsequent  and  more  elaborate  report  on  this  subject  the  list  of  articles 
will  doubtless  be  enlarged  and  descriptive  notes  will  be  added. 

1818. 
Cook,  G.  H.,  Geology  of  New  Jersey,  p.  481. 

1835. 
Hitchcock,  C.  H.,  Reporta  on  geology  of  Massachuaetts. 

aBuU.  U.  8.  Geol.  Survey  No.  261, 1905;  Prof.  Paper  U.  S.  Geol.  Survey  No.  48, 1906. 
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1841. 

Hitchcock,  C.  H.,  Reports  on  geology  of  MasBachusetts. 

1842. 
Dana.  S.  L..  Muck  manual.  Lowell. 

1851. 

Brande,  W.  T.,  On  peat  and  Its  products:  Roy.  Inst.  Proc.,  pp.  109-111;  also  Am.  Jour.  Scl.,  2d  ser., 

vol.  11,  p.  440. 

1853. 

Michigan  Agric.  Rept.,  Peat  in  Wajme  County,  p.  302. 

1855. 
Michigan  Agric.  Rept.,  Peat  in  Wayne  County,  p.  367. 

1856. 
Hitchcock,  C.  H.,  Reports  on  geology  of  Massachusetts. 

1850. 

Vogel,  A.,  Der  Torf,  seine  Natur  und  Bedeutung,  Braunschweig. 

1861. 
Geology  of  Vermont,  vol.  1,  p.  174. 

1882. 

Senft,  F.,  Uurous,  Marshen,  Torf,  und  Limonit-Bitdungen,  Leipzig. 

1866. 
Illinois  Geol.  Survey,  vol.  1. 
Johnson.  8.  W..  Peat  and  its  Uses.  New  York. 

1867. 
Leavitt,  T.  U.,  Facts  about  Peat,  Boston. 

1868. 
Illinois  Geol.  Survey,  vol.  3. 

1870. 
Illinois  Geol.  Survey,  vol.  4. 
White,  C.  A.,  Geology  of  Iowa,  vol.  2,  pp.  275-288. 

1872. 

Lesquereux,  L.,  Origin  of  coal:  Hayden's  Survey. 

187.^ 
Geology  of  Ohio,  vol.  1,  pp.  221,  500,  571. 
Illinois  Geol.  Survey,  vol.  5. 
Minnesota  Geol.  and  Nat.  Hist.  Survey,  Second  Ann.  Rept. 

1874. 

Trans.  Wisconsin  State  Agric.  Soc.  1874-75,  pp.  75-92. 
Geology  of  Ohio,  vol.  2,  p.  222. 

1875. 

Gowenlock,  N.,  Peat  and  its  uses:  Cultivator  and  Country  Gentleman,  p.  275. 

1877. 
Geology  of  Wisconsin,  vol.  2,  pp.  240-240. 

187a 
Geology  of  Ohio,  vol.  3,  pp.  454,  499. 
Hitchcock,  C.  H.,  Reports  on  geology  of  New  Hampshire,  vol.  3. 

1881. 
Skogshushallning  och  Torflndustrie:  Jem.  Kontoivts  Annaler,  vol.  36,  p.  1. 

1884. 
Hunt,  T.  S.,  On  peat  and  its  uses:  Canadian  Nat.,  new  ser.,  vol.  1,  pp.  426-441. 

1835. 
Lesquert^ux,  L.,  Origin  of  coal:  Ann.  Rept.  Pennsylvania  Geol.  Survey,  p.  109. 

1887. 
Roth,  J.,  Alg.  Chem.  and  Phys.  Geol.,  vol.  2,  p.  639. 

1889. 
Uirschbold, ,  Uebcr  Torfindustrie:  Bayerlscbes  Industrie  und  Gewerbeblatt,  vol.  21,  p.  59. 
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1880. 

Shaler,  N.  S.,  Fresh-water  morasses  of  the  United  States:  Tenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pp. 
255-339. 

1801. 

Rkelund, ,  Comprimirte  Torfkohle:  Oesterreicbische  Zeitschrift  fttr  Berg-  und  Ililttenwesen,  vol.  3I», 

p.  490. 
Peat,  its  use  and  value  for  fuel:  First  Rept.  Ontario  Bureau  of  Mines,  p.  175. 
Shaler,  N.  8.,  On  peat  and  swamp  soils:  Twelfth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  1,  p.  311. 
Soetjc,  ,  Neues  Verfahren  der  Fabrication  von  Torfkohlen  und  Torfbriquetts:  Deutsche  land- 

wirthschaftlicbe  Prcsse,  vol.  18,  p.  27. 
Zur  Bildung  dor  Torflager:  Berg-  und  hQttenm&nnische  Zeitung,  vol.  50,  p.  271. 

1892. 

Ells,  R.  W.,  Peat  industry  of  Canada:  Rept.  Ontario  Bureau  of  Mines,  No.  2,  p.  195. 

Pribyl, ,  Die  Vcrwerthung  von  Torf :  Eisen-Zeitung,  vol.  13,  p.  899. 

Rotbbarth, ,  Oewinnung  und  Vcrwerthung  der  Torfstreu:  Deutsche  landwirthschaftliche  Presse, 

vol.  19,  p.  999. 
Verarbeitung  des  Torfes  zu  technisch-industriellen  Zweclcen:  Uhlan<l'8  Industrielle  Rundschau,  vol.  6, 

p.  121. 
Vogel, ,  Die  entsouchendo  Wirkung  des  Torfmulls:  Mittheilungen  dcs  Vereins  zur  FOrderung  der 

Mooreultur  im  Deutschen  Reiche,  vol.  10,  p.  301. 

1803. 
Peat  as  fuel:  Am.  Gaslight  Jour.,  vol.  50,  p.  153. 
PeAt  and  its  products:  Jour.  Roy.  Agric.  Soc.  for  December,  pp.  777-778. 

Petrin, ,  Torfmull  und  seine  Verwendung:  Mittheilungen  Uber  gegenst&nde  des  Artillerie-Genie- 

wesens,  vol.  28,  pp.  938-945. 

1804. 

Beitrilge  zur  Torf  vcrwerthung:  Neueste  Erfindungen  und  Erfahrungen  von  KoIIer,  vol.  21,  p.  123. 
Dvorkovitz,  P.,  The  distillation  of  peat:  Jour.  Soc.  Chem.  Ind.,  vol.  13,  p.  596. 
Mineral  Industry,  vol.  2,  p.  489. 

Cber  Verwendung  von  Torf  im  Bauwesen:  Zeitschrift  des  Architekten-  und  I ngenieur- Vereins  zu  Han- 
nover, vol.  40,  p.  225. 

1805. 

Shaler,  N.  8.,  Origin,  distribution,  and  commercial  value  of  peat  deposits:  Sixteenth  Ann.  Rept.  U.  S. 
Geol.  Survey,  pt.  4,  pp.  305-314. 

1806. 

Exploitation  et  les  emplois  de  la  tourbe:  La  Vie  Scientifique,  Revue,  vol.  1,  p.  321. 

Moss  litter  and  the  special  advantages  of  sphagnum:  Ontario  Bureau  of  Mines,  pp.  185-192. 

Roaendahl,  ,  HerstPllung  eines  steinkohlenartigen  Brennmaterials  aus  Torf:  Chemiker  Zeitung, 

Chemisches  Repertorium,  vol.  20, 1896,  p.  320;  VVieck's  illustrirto  deutsche  Gowerbezeitung,  vol.  61, 

p.  349. 

1897. 

IIolz, ,  Torfverkohlung:  Zeitschrift  ftir  angewandte  Chemie,  pp.  772-776. 

Quaet-Faslem,  ,  Uerstellung  von  Coks  und  Brikctts  aus  Torf:  Mittheilungen  des  Vereins  zvt 

Fdrdening  der  Mooreultur  im  Deutschen  Reiche,  vol.  15,  pp.  83-100. 
Von  Feilitzen  und  Tollens,  Gab  rungs  versuche  mit  Torf:  Berichte  der  deutschen  chemischen  Geseil- 

schaft,  vol.  30,  pp.  25,  77,  81. 

1808. 

Application  of  North  German  peat  in  electric  power  stations:  Gliickauf,  April  16. 
Distillation  of  peat  in  a  closed  retort:  Revue  Technique,  April  10. 
Compressed  peat  as  a  fuel:  Canadian  Electric  News,  September. 

Glasenapp, ,  Verwertung  der  Riga'schen  Torflager:  Riga'sche  Industrie-Zeitung.  vol.  24,  p.  109. 

Jablonsky, ,  Compostbereitung  mittclst  Torfmull:  Mittheilungen  dcs  Vereins  zur  F5rderung  dor 

Mooreultur  im  Deutschen  Reiche,  vol.  16,  p.  261. 
Koller,  Dr.  Theo.,  Die  Torflndustrie,  Hartlebcn,  Wien. 
Mineral  Industry,  vol.  7,  p.  191. 

Pag^,  W.  N.,  Making  coal  of  bog  peat:  Iron  Age,  August  18,  vol.  62,  p.  3. 
Thcde, ,  Die  jQngste  Kohle,  der  Torf:  Chem.  und  Techn.  Zeit.,  Wien,  vol.  16,  No.  7F. 

1899. 

Baskerville,  C,  Occurrence  of  vanadium,  chromium,  and  titanium  in  peats:  Jour.  Am.  Chem.  Soc., 

vol.  21,  p.  706. 
Brennstoff  aus  Torf:  Mittheilungen  aus  der  Praxis  des  Dampfkesseln  und  Dampfmaschinen  Betriebes, 

vol.  23,  p.  470. 
Johnson,  T.,  Irish  peat  question:  Econ.  Proc.  Roy.  Dublin  Soc.,  vol.  1,  pt.  1. 
Koller,  Dr.  Theo.,  Zeitschrift  fClr  practische  Geologic,  vol.  24,  p.  24. 
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Leverett,  Frank,  Tho  Illinois  glacial  lobe:  Mon.  U.  S.  Geol.  Survey,  vol.  38,  pp.  32,  127,  141,  185,  216, 

234,  450,  029,  050,  072,  711,  725. 
Miiller,  G.,  Die  Verbreitung  der  deutachen  Torfmoore  nach  statistischen  OeBichtspunktcn  dargestellt: 

Abstract  in  Zeitschrift  fUr  practische  Geologie,  vol.  24,  pp.  193,  277,  314. 

Petcrman, ,  Utilisation  des  Tourbes  beiges:  Bull,  beige,  vol.  13,  pp.  330-340. 

Schatz,  D.,  Der  Tort  als  Spinn  und  Weberstoff,  Leipzig. 

Scyfert,  A.  G.,  I'eat  in  Canada:  Eng.  and  Min.  Jour.,  September  23,  p.  371. 

Sjostedt,  E.  A.,  Occurrence  and  utilization  of  peat:  Mineral  Industry,  New  York,  vol.  7,  pp.  191-198. 

Thenius, ,  Wichtigkeit  der  neuen  Torfverwerthung  und  Verarbeitung:  Chem.  und  Techn.  Zelt., 

Wien,  vol.  17,  No.  20. 
Utilization  of  Belgian  peat:  Eng.  and  Min.  Jour.,  October  4. 
Zschdmer,  K.  A.,  &  Co..  Torf-Industrlo.  Wien. 

190a 

Bjorling,  P.  U.,  Series  of  articles  on  use  of  peat  as  fuel:  Colliery  Guardian,  vol.  80,  pp.  1127, 1183, 1294. 

Bomtragcr, ,  Analyse  des  Torfes:  Zeitschrift  fUr  analytiscbe  Chemie,  vol.  39,  p.  G94. 

Classen, ,  Aufbereitung  und  Bedeutung  des  Torfes  als  Brennmaterial:  Mittheilungen  des  Vereins 

zur  Fdrderung  der  Moorcultur  im  Deutschen  Reichc,  vol.  18, p. 250;  Deutsche  landwirthscbaftlicbe 

Presse,  vol.  27,  p.  1109. 
Experiments  with  peat  as  fuel:  Am.  Gaslight  Jour.,  vol.  72,  p.  327. 
Miiller,  Arthur,  Herstel lung  von  Brenntorf  und  Torfkohle:  Mittheilungen  des  Vereins  zur  F5rdening 

der  Moorcultur  im  Deutschen  Reichc,  vol.  18,  pp.  269'370. 
Neuegebiete  der  Torfindustrie  u.  s.  w.:  Deutsche  landwirthscbaftlicbe  Presse,  vol.  27,  p.  255. 
Ontario  Bureau  of  Mines,  R.<tpt.,  p.  21. 
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FIELD  WORK. 


By  Edward  W.  Parker  and  J.  Shobrr  Burrows. 


INTRODUCTION. 

The  collection  of  samples  of  coal  for  testing  purposes  for  the  year  1905  was  begun  by 
Mr.  Burrows,  under  the  direction  of  Mr.  Parker,  during  the  latter  part  of  April.  The  early 
work  consisted  of  shipping  several  samples  of  coal  from  Illinois,  arrangements  for  which 
had  been  made  during  the  Exposition  period,  but  which  could  not  be  carried  out  until  the 
work  was  resumed  under  the  new  appropriation. 

Later,  Messrs.  John  W.  Groves  and  William  J.  Von  Borries  were  employed  as  inspectors, 
and  shipped  most  of  the  samples.  Mr.  Marius  R.  Campbell,  of  the  United  States  Geological 
Survey,  cooperated  with  the  fuel-testing  plant  to  the  extent  of  shipping  several  samples 
of  coal  and  lignite  from  points  in  the  Western  States,  this  work  being  done  in  connection 
with  his  geologic  field  work. 

About  May  1  an  application  form  ''to  have  coal  tested  at  the  United  States  Geological 
Survey  coal-testing  plant  at  St.  Louis,  Mo.,"  was  sent  to  each  operator  of  a  shipping  colliery 
in  the  United  States.  A  descriptive  circular  accompanying  this  form  set  forth  the  condi- 
tions under  which  coal  might  be  furnished  for  testing  purposes,  as  follows: 

1.  The  coal  must  be  furnished  to  the  testing  plant  free  of  cost  to  the  Ooverament. 

2.  The  coal  must  be  loaded  under  the  supervision  of  one  of  the  inspectors  employed  for  that  purpose, 
who  shall  be  at  the  same  time  allowed  to  visit  the  working  places  in  the  mine  to  secure  samples  for 
analysis. 

3.  W  hen  it  is  possible  to  do  so,  the  coal  should  be  loaded  in  box  cars  and  shipped  under  seal  Lignites 
must  always  be  shipped  in  this  way. 

4.  Where  the  market  requires  screened  coal,  this  grade  will  be  accepted  for  tests.  The  selection  of  coal 
is  always  to  be  under  the  direct  control  of  the  representative  of  the  testing  plant 

5.  ^^  hero  one  of  the  problems  involved  is  the  better  utilization  of  slack  coal,  a  carload  of  slack  may  be 
accepted  for  testing  puri>oses. 

6.  As  soon  as  possible  after  the  tests  are  completed,  a  brief  statement  of  the  results  will  be  furnished 
to  parties  supplying  the  coal,  for  their  information,  but  this  must  not  be  made  public  until  the  results 
are  published  by  the  Geological  Survey. 

7.  Everyone  interested  in  any  particular  test  or  in  the  general  operation  of  the  plant  is  invited  to  be 
present'at  any  time,  but  the  official  record  of  the  tests  will  not  be  given  out  except  as  indicated  in  the 
preceding  paragraph. 

The  committee  in  charge  of  the  work,  recognizing  the  probability  of  receiving  applications 
from  two  or  more  operators  working  the  same  seam  of  coal  in  the  same  locality,  reserved 
the  right  to  accept  but  one  such  application,  in  order  that  unprofitable  duplication  of 
results  might  be  avoided. 

The  largest  number  of  applications  were  received  from  Illinois,  probably  owing  to  the 
proximity  of  that  field  to  St.  Louis  and  the  consequent  low  freight  rates.  Indiana,  Ohio, 
West  Vii^nia,  and  Tennessee  follow  Illinois  in  the  number  of  applications,  while  Pennsyl- 
vania, Maryland,  Virginia,  Kentucky,  and  Alabama  are  well  represented  in  the  tests  of 
coals  from  the  Appalachian  field,  and  Iowa,  Missouri,  Kansas,  Arkansas,  and  Indian  Terri- 
tory in  the  tests  of  coals  from  the  western  interior  fields.  Applications  for  tests  have  also 
been  received  from  North  Dakota,  Wyoming,  Colorado,  New  Mexico,  Utah,  Washington, 
Oregon,  North  Carolina,  and  Georgia,  and  arrangements  for  meeting  these  requests  have 
been  made. 
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ix8p;ection  proceduue. 

In  collecting  the  samples  to  be  shipped  to  the  plant,  an  inspector  visits  the  mine  and 
carefully  examines  the  coal  throughout  its  extent.  He  sees  that  the  coal  loaded  for  testing 
purposes  fairly  represents  the  average  product  of  the  mine;  that  when  screened  coal  is  to 
be  sent,  the  size  selected  is  available  to  the  consumer  and  adapted  to  the  puri>ose  for  which 
it  is  to  be  tested.  Therefore,  his  first  duty  is  to  examine  the  screens  and  observe  the 
method  generally  employed  in  separating  the  slate  and  other  impurities  from  the  coal 
while  it  is  being  loaded  in  the  railroad  car.  He  then  enters  the  mine  and  notes  carefully 
the  character  of  the  bed,  the  method  of  mining,  and  the  amount  of  care  taken  by  the  miners 
to  separate  the  shale  partings  and  sulphur  balls  from  the  coal  while  loading  it  into  mine  cars. 
While  the  sample  is  being  loaded  into  the  railroad  car  the  inspector  stands  inside  and 
permits  the  slate  pickers  to  discard  only  such  material  as  is  thrown  o(T  in  the  usual  practice 
and  as  is  consistent  with  the  customary  speed  of  loading.  The  material  thrown  out  is 
afterwards  examined  by  the  inspector  to  determine  why  it  is  considered  detrimental  to  the 
fuel  value  of  the  coal.  When  large  amounts  of  slate,  bone,  iron  pyrites,  etc.,  have  been 
discarded,  the  entire  amount  of  refuse  is  weighed  and  noted  in  the  inspector's  report. 
Should  the  weight  of  this  refuse  exceed  2  per  cent  of  the  total  weight  of  the  sample  of  coal, 
the  refuse  is  carefully  sampled  and  analyzed.  By  this  means  an  approximate  idea  of  the 
reduction  of  ash  and  sulphur,  due  to  hand  picking,  can  be  ascertained. 

MINE  SAMPL.es. 

Two  or  more  samples  for  chemical  analysis  are  taken  by  the  inspector  from  working 
places  in  the  mine.  These  analyses  give  the  experts  at  the  plant  a  definite  idea  of  the 
quality  of  the  coal  before  the  practical  tests  are  begun.  They  are  also  useful  in  showing 
the  composition  of  the  coal  in  its  native  condition ;  especially  is  this  true  of  the  moisture 
content.  The  object  of  the  inspector  is  to  secure  a  sample  that  will,  as  nearly  as  possible, 
represent  run-of-mine  coal. 

The  analytical  results  from  mine  samples  taken  during  the  Exposition  period  (August  to 
December,  1904)  showed  that  some  modification  of  the  method  then  used  was  desirable. 
These  changes  have  been  made  with  the  idea  of  determining  more  accurately  the  amount 
of  moisture  in  the  coal  in  its  native  condition  and  of  eliminating  as  far  as  possible  the  per- 
sonal element,  which  figures  so  lai^gely  in  all  sampling  where  everything  is  left  to  the  judg- 
ment of  the  sampler. 

Mine  sampling  as  it  is  done  at  present  by  the  inspectors  of  the  fuel-testing  plant  consists 
of  first  making  a  careful  study  of  the  coal  throughout  the  mine  and  observing  what  parts 
of  the  bed  are  discarded  by  the  miner.  Two  or  more  places  where  the  coal  is  of  average 
development  are  then  selected.  These  places  are  usually  at  widely  separated  points  in 
the  part  of  the  mine  from  which  most  of  the  coal  is  being  shipped.  The  face  is  then  cleared 
of  burned  powder,  loose  coal,  and  dirt  for  5  feet  or  so,  and  insecure  pieces  of  the  roof  are 
taken  down  to  prevent  their  falling  into  the  sample.  The  sampler  then  spreads  a  rubber 
blanket  on  the  floor  of  the  mine  close  up  to  the  face  of  the  coal  and  makes  a  perpendicular 
cut  from  floor  to  roof,  including  everything  in  the  sample  but  the  parts  of  the  bed  discarded 
by  the  miner.  He  cuts  sufficient  coal  to  make  not  less  than  5  pounds  per  foot  in  height — 
that  is,  a  sample  weighing  not  less  than  30  pounds  would  be  cut  from  a  6-foot  seam  of  coal. 
When  shale  or  other  partings  are  to  be  included  in  the  sample,  great  care  is  exercised  in 
cutting  them  the  full  width  and  depth  of  the  groove  in  order  to  preserve  the  proper  pro- 
portion of  coal  and  extraneous  matter.  When  the  required  amoimt  of-  coal  is  obtained 
a  detailed  record  is  made  of  the  section  of  the  bed  from  top  to  bottom,  every  perceptible 
parting  and  variation  in  the  section  being  noted.  The  part-s  of  the  bed  not  included  in 
the  sample  are  clearly  shown  in  this  record,  and  from  these  notes  the  value  of  the  sample 
may  be  judged. 

The  cuttings  are  at  once  weighed  and  then  sifted  through  a  screen  with  a  half-inch  mash. 
The  remaining  lumps  are  broken  up  in  a  portable  grinding  machine,  and  this  process  of 
screening  and  breaking  is  continued  until  the  entire  sample  will  pass  through  the  screen. 
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The  sample  is  then  mixed  by  two  men  who  stand  opposite  each  other.  Qrasping  the 
comers  of  the  rectangular  blanket,  they  roll  the  sample  diagonally  by  raising  one  comer 
of  the  blanket  at  a  time.  This  mixes  the  sample  very  thoroughly,  and  when  the  larger 
pieces  are  observed  to  be  evenly  distributed  throughout  the  mass  the  sample  is  divided 
into  four  equal  quarters.  Two  opposite  quarters  are  discarded  and  the  remainder  mixed 
as  before.  If  the  sample  is  still  too  bulky  to  be  conveniently  handled,  it  is  again  mixed 
and  quartered. 

The  remaining  material  is  spread  into  a  circular  mass  about  2  inches  deep  on  the  blanket, 
and  a  small  trowel  is  used  to  fill  a  sample  can  with  alternate  sections  of  the  sample  taken 
from  the  circumference  to  the  center  of  the  mass  around  the  entire  circle.  The  can  is 
closed  and  hermetically  sealed  with  electrical  insulating  tape,  and  the  weight  is  noted. 
This  weight  shows  accurately  what  proportion  of  the  original  sample  is  sent  to  the  laboratory, 

The  entire  process  of  sampling  is  carried  on  as  rapidly  as  possible  at  the  place  in  the  mine 
where  the  sample  is  cut.  The  maximum  time  for  cutting  and  preparing  a  large  sample 
is  about  one  hour.  Although  it  is  known  that  rapid  changes  take  place  in  the  moisture 
content  of  some  coals,  it  is  reasonable  to  assume  that  where  the  sampling  is  quickly  done 
in  the  atmosphere  to  which  the  native  coal  is  exposed  there  is  probably  only  a  slight  gain 
or  loss  of  moisture  while  the  sample  is  being  broken  up  and  quartered. 

In  an  effort  to  establish  some  definite  relation  between  these  moisture  changes  and  the 
atmospheric  conditions,  temperature,  humidity,  and  dew-point  determinations  are  made 
at  the  beginning  and  completion  of  the  preparation  of  the  sample.  Similar  readings  are 
taken  in  the  chemical  laboratory.  When  sufficient  data  have  been  collected,  it  is  possible 
that  this  subject  will  be  more  thoroughly  understood. 

DESIGNATION  OF  SAMPLES. 

The  samples  or  ca,rs  of  coal  when  they  are  shipped  are  marked  with  the  name  of  the  State 
and  numbered  consecutively  in  the  order  of  shipment.  When  two  or  three  cars  or  lots 
constituting  different  grades  of  coal,  such  as  lump,  nut,  etc.,  are  shipped  from  the  same 
mine,  each  lot  is  designated  by  a  letter.  For  example,  Illinois  No.  1  A  may  be  lump,  Illi- 
nois No.  1  B  nut,  and  Illinois  No.  1  C  slack,  etc.  These  State  numbers  begin  for  1905 
where  those  in  use  during  the  previous  work  left  off. 

SAMPLES  UECEIVKD  AND  TESTED. 

The  following  is  a  complete  list  of  the  car  samples  received  during  the  period  from  May 
1,  1905,  to  January  1,  1906,  with  details  of  ownership,  location,  character  of  sample,  etc.: 
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SampUfi  of  coal 


Name  of  sample. 

Operator. 

Mine. 

Location. 

Railroad. 

California  No.  1 

San       Francisco 
and    San   Joa- 
quin Coal  Co. 

Tesla 

Tesla,       Alameda 
County,  Cal. 

Alameda  and  San 
Joaquin. 

Illinois  No.  6 

Clover  Leaf  Coal 
Co. 

Cofleen 

Cofleen,  Montgom- 
ery County,  111. 

Toledo,  St.  Louis 
and  Western. 

Illinois  No.  7  A...  . 

Lumaghi  Coal  Co. 

No.  2 

Near     CoUinsvUle, 
Madison  County, 

m. 

Vandalia 

Illinois  No.  7  B 

do 

do 

do 

do 

Illinois  No.  7  C 

..  ..do 

do 

.  ...do 

do 

Illinois  No.  7  D.... 

do 

.    .do 

do 

do 

Illinois  No.  8 

DeringCoalCo... 

Paislev 

Paisley,  Montgom- 
ery County,  111 

Big  Four 

Illinois  No.  9  A 

Mount  Olive  and 
Staunton   Coal 
Co. 

No.  2 

Near        Staunton, 
Macoupin  County, 

ni. 

Litchfield       and 
Madison. 

Illinois  No.  9  B..... 

do 

do 

do 

do 

niinoisNo.  10 

Bering  Coal  Co... 

West  Frankfort . . 

West      Frankfort, 
Franklin  County, 
111. 

Chicago     and 
Eastern  Illinois. 

Illinois  No.  11  A.... 

St.  Louis  and  Big 
Muddy  Coal  Co. 

Daws  shaft 

Near      CartervUlc, 
Williamson 
County,  111. 

Illinois  Central.. 

Illinois  No.  11  B.... 

do 

do 

do 

do 

Illinois  No.  lie 

do 

do 

do 

do 

Illinois  No.  11  D.... 

do 

do 

do 

do 

Illinois  No.  12 

Western  Coal  and 
Mining  C^. 

Bush  No.  1 

Bush,    Williamson 
County,  111. 

1 

St.    Louis.    Iron  , 
Mountain    and 
Southern. 

Illinois  No.  13 

The  Benton  Coal 
Co. 

Benton ...      ... 

Benton.     Franklin 
County,  111. 

Chicago  and 
Eastern  Illinois. 

Illinois  No.  14 

[ 
Capital  Coal  Co. ..i  No.  2 

East  side  of  Spring- 
field,   Sangamon 
County,  111. 

Centralia,    Marion 
County.  111. 

Illinois  Central... 

Illinois  No.  15 

Pettinger  &  Da- 
vis. 

South 

do 

Illinois  No.  16 

Big  Muddy  Coal 
and  Iron  Co. 

No.  7 

Herrin,  Williamson 
County,  111. 

do 

Illinois  No.  18 

La  Salle  County     La  Salle  shaft 

Carbon  Coal  Co. 

La  Salle,  La  Salle 
County,  111. 

do 

Illinois  No.  19  A ... . 

ZelglerC-oalCo... 

Zeigler 

Zeigler,      Franklin 
County,  III. 

do 

SAMPLES   RECEIVED    AND   TESTED. 
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received  and  tested. 


tnipector. 

lObdof^fuL 

Name  of  bed. 

Terta. 

E,W.  Parker. .,„..._ 

Ugnilf*;  nifi  of  mltie. , 

(7) 

Produeer-gas^  p.  53. 

J.  W,  Gro¥M.,,,».*   , 

Bttumlnoua;  mnof  mfo^... 

No.  5  .  .      ..*.. 

Produtsr-gwaH  p.  ."Sfl. 

.„,,do ,. 

m 

Produwr-gan,  p.  SO. 

J,  8.  Bt3TTCIWIt«  ,,.«.„. 

BituTOinon*^    ijutn  ov*ir  1- 
incli  mcjib  scree  n. 

m 

Froducer-^as^  p.  5fi. 

....,do. .,.....„ 

Bituminous;  flLmi;k<  ,**..*,. 

(7) 

Stoamlnp,  p,  58, 
Produodr-gaii.  p,  59. 
Waibln^p  p.  00, 

j;W.  Gmv^a 

BltumljioDs;  run  ol  iDine«.« 

in 

Steaming,  p.  JtS. 
Wftablng,  p,  60. 
Coklnjf,  p.  eu. 

ShippE^d  by  operator.. 

BltmnlnDu^;  out. 

(7) 

Steaming,  p,  61. 
Froductr-gas,  p,  fl2. 

J.  S«  Burrowi 

BltumLoous;  run  of  ml n v.. . 

en 

Stuamitjg,  p,  fill, 
Wa«blngp  p.  «6. 

do 

BltumtnoQA;  Ixaap 

(?) 

Steaming,  p,  €3. 
i  l*roducvr-^gaa,  p.  fiS, 

ShJppHl  by  opentor  . 

Bl  t  umtiiouft;  tl&ck ,   , « .  ^ 

(n 

Steaming,  p.  ti7. 
Prodtux^r-gas.  p,  CS. 
Washing,  p.  OSI. 

J,  a.  Burrows. .....  ^  ^ 

BltuniJnous;        oTto  -  hnJt 
KstviiningA,  ono-baif  egg 
coal. 

Bl^  Muddy....... 

Stf^amirig.  p,  70. 
Producur-gaMp  p.  72. 

do-., 

BitumlDDus;    ooe-haU  run 
of  mkn&f   oofvbaLf  lump 
coal. 

.....do...,, 

St^fttnlngr  p.  70. 

.....do ..._ 

Bltumloous;    mie-htUf  Ko. 
4  WAJib^  poal,  oni?'half 
No.  5  wasticd  coal. 

do.- 

Steaming,  p,  70. 
ProduciT-gas,  p.  73. 

~ 

.,...do ...,„..„ 

1 

Bituminous;  No.  3  wasbed 
coat. 

do..,,., 

Produiser-^aa,  p.  73. 
Coking,  p^  7i. 

J.  W.  CJroTW. ........ 

Bltufnlnoua;  run  of  mine...! 

No,  0. 

Sleamtng,  p.  74 
Waiblt^,  p.  7G. 

do.- 

BltumlnoU!):  <^g,  IhrouEh 
G^lncb  screen  aud  over  l^- 
Incb  pcrrenp 

No.fi ..... 

Stfliwnlng,  p.  77h 
pTodowr-gkH,  p.  TB. 
Washing,  p.  7P. 
Coking,  p.  79. 

.....do .,,..„ 

Bituminous;     lump,    ovi&r 
li-ineh  hai  scncns. 

No.  B*.... 

Sl£>amlng,  p,  80. 
Produci^r-gjia,  p.  SI. 
Washing,  p.  k2. 

J,  S.  Bumoww^ .  - . .  „ . 

BltumJnoui;  liUTJp,  over  fl- 
lucb  setiffinA. 

Ng.fi 

Stnamingt  p>  S3, 
Products r-gaAn  p.  St. 
Wanblng,  p,  8fi. 

* 

...-.clo.,.„ 

BitumlnouA:     mt^titrc  of 
lump  and  egg,  made  by 
phasing  run  of  mine  c^oul 
ovsr  S-mch  m«ib. 

No.  7.,    . 

Steaming,  p.  S6. 
Froilufvr-gfta.  p,  8B, 
W&Bhing,  p.  ^7. 
Coking,  p,  88. 

do.,. 

Bttuminous;      lump   over  ' 

No.  2 

Steaming,  p.  S9. 
Prodiicer-g»8,  p.W. 
WAshlng,  p.  m. 

J.W.GttVTH ,. 

Bltuminoui;  *'|-Incbt?oaI," 
over   f'inch    rjcrforaced 

Big  Muddy........ 

St^mtug,  p.  93, 
Coking,  p.  §4. 
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Samples  of  coal 


Name  of  sample. 

Operator. 

Mine. 

Location. 

Railroad. 

Illinois  No.  19  B . . . . 

ZeiglerCoalCo... 

Zelgler 

Zeigler,      Franklin 
County,  111. 

Illinois  Central... 

Indiana  No.  3 

J.  Woolley  Coal 
Co. 

No.  3 

Near       Boonvllle, 
Warrick  County, 
Ind. 

Southern 

Indiana  No.  4 

Consolidated  In- 
diana Coal  Co. 

No.  29 

Star  City,  Sullivan 
County, Ind. 

Evanavilie  and 
Terre  Haut^. 

Indiana  No.  5 

do 

No.33 

Hymera,    Sullivan 
County, Ind. 

do 

Indiana  No.  6 

do 

No.  34 

do 

do 

Indiana  No.  7  A 

8.  W.  Little  Coal 
Co. 

Little's 

LltUe's,            Pike 
County,  Ind 

do 

Indiana  No.  7  B.... 

do... 

.  ..do 

do 

do 

Indiana  No.  8 

DeepVeinCoalCo. 

Deep  Vein 

2  miles  west  of  Terre 
Haute,          Vigo 
County,  Ind. 

Vandalia 

Indiana  No.  9  A.... 

Fauvre  Coal  Co.. . 

Red  Bird 

Macksville,       Vigo 
County, Ind. 

do 

Indiana  No.  9  B.... 

do 

do 

do 

do 

Indiana  No.  10 

Park  County  Coal 
C^. 

• 

Near         Rosedale. 
Park  County,  Ind. 

.  ..do 

Indiana  No.  11 

Island  Coal  Co . . . 

No.4 

Dugger.      Sullivan 
County,  Ind. 

do 

Kansas  No.  5 

Southwestern  De- 
velopment Co. 

No.  11 

West  Mineral,  Kans. 

Missouri,  Kansas 
and  Texas. 

Kentucky  No.  IB.. 

Straight      Creek 
Coal  and  Coke 
Co. 

No.  2 

Straight  Creek.  Bell 
County,  Ky. 

Louisville  and 
Nashvtlle. 

Kentucky  No.  IC. . 

do 

do 

..  .do 

do 

Kentucky  No.  5 

Interstate  Invest- 
ment Co. 

Gilliam's     Rock- 
house  prospect. 

BigBlackMountain, 
15  miles  from  Lou- 
isville and  Nash- 
ville Railroad. 

Nearest  Louisville 
and  Nashville. 

Kentucky  No.  6... . 

Justus  Collins 

Millers  Crockcoun- 
try  bank. 

5  miles  southeast  of 
Palntsvllle.  John- 
son County,  Ky. 

7  mile^  from  Ches- 
apeake and  Ohio. 

Kentucky  No.  7.... 

Central  Coal  and 
Iron  Co. 

Central 

Central  City,  Muhl- 
enburg     County, 
Ky. 

Illinois  Central... 

Maryland  No.  1 

Piedmont       and 
Georges    Creek 
Coal  Co 

Washington  No.  3 

2    miles    north    of 
Westernport, 
Garrett   County, 
Md. 

Cumberland  and 
Pennsylvania. 

Massachusetts  No.l 

Halifax,  Plymouth 
County,  Mass. 

North  Dakota  No. 

Consolidated  Coal 

Lehigh 

Lehigh,  Stark 
County,  N.  Dak. 

Northern  Paclflc 

IB. 

Co. 

g                   -  j 
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Inapeelor. 

KIndofeoaL 

NAtne  of  bed. 

Tealt. 

J*  Vt\  Grovf!« 

over  IJ-liich  perforated 

Hlg  Muddy-"'" 

f^tn^Tnltif ,  ft,^, 

Produotr-«ui.  p.  V3. 
Cokliig*  p.  M. 

.....do 

mixed. 

No.  5. 

StefimLog,  p.  9^. 
Produonr-gMp  p.  9e. 

Coking,  p.  97. 

J.  S.  Burrowt. .*.*... 

in 

atpamltig.  p.  98. 
Witithlng,  p.  dU. 
Coking,  p.  90, 

„,..ao „ 

fittumloout;  run  of  niloe. . . 

(t) 

Stcamlog,  p,  100. 
Hirodu(M<r-gu8,  p  ICL 
Coklfig*  p.  102. 

-,... do,,  _,.,„,.,.,.. 

.....do.,,,,,.,,,,,-,,....... 

en 

8te*m]ng.  p.  103. 
l^rtKlEKM^r-gazit  p.  104. 
WiiAblng,  p.  105. 
Co  king,  p.  J  05. 

W.  J.  V*on  Borri« 

1 

BJiumlnouo;  LUDipoVf<r  tl- 

No.  S„. ..„,,.... 

f^teaming.  p.  lOfi. 
rrodoppf'gaf ,  p.  107, 
Washing,  p.  ](k 
Coking*  p.  lOfl. 

do.... 

Bltuminoua:        KreenlnEi 

.....do............ 

RUMming,  p.  IDA. 

J,W.  OroT« 

InctJ  bur  icrwn. 

(T) 

!^tpamiog.  p.  )0Q. 

ProtiiK^rgiia,  p.  tlQ. 
VVuAhtng,  p.  ill. 

W,J,  VonBorria,... 

Bitundnoyn;  lump,  ^ver  U- 

No. 7. 

Stf Moving,  p.  113. 
Prodtie*?f-gflBp  p.  iUo 
1  Coking,  p.  114, 

,   „,do 

aniimmoua;  mo  pf  mine.. . 

do. ,,. 

^tP&iningp  p.  112. 

Wwihlng.  p.  114. 
Coking,  p.  114, 

Bltumlnoui;  lump^ovnr  11- 
Inoh  bar  »cr««n. 

No.*        . 

StMiniingr  p.  UJS. 
WnBhJng,  p.  Jlfl. 

do , . 

BJturoJnoua;  loxn plover  11- 
Inchanda-tiK.'h.Bri'^cov. 

No.  4.. 

Blcomlog.  p'  i^7. 

ProOucur-giiii,  p.  US^ 
Caking,  p.  ili». 

M,  R.  C»mitb*U 

BJlumlooun;     owr  f-liieh 
servrni. 

(T) 

FrDduoer-ga«p  p.  taa 

J.  W.  Ototcb , . . . 

Bitumlnoua;      onc^haU  3- 
tni?h  nod  i-lodi  c>ofil,  one- 
half  I'tntfh  coal. 

8tmigbt  Creek... 

pTnflui»r-ga«t  p.  122. 

Coldngp  p.  13:3. 

,_..do „. 

Bltumiiioue;    ll-lncb  9\uitk 
coat. 

.,...do.,.. ... 

dtoamlng,  p.  131. 
Coklngp  p.  133. 

J.a.  BUITOW» 

Biturotnotu^  run  ol  mine. . . 

HighS^nt...... 

St«sftmlng,  p.  124.         ^ 
ProducpT-gtts,  p,  134,    ) 
Coklngp  p.  123. 

W.  J.  Von  Borrtm. . . . 

.....do ,..„.... 

No.  1         ,    .      . 

Steamtng.  p,  12fl. 

Prodm?t?r-ga9p  p.  137. 
Caking,  p.  128; 

BitinnlDoiui;          utandard 
lum^,   oiror   IJ-lnch   bar 

No.  9.. 

dleamtogt  p.  13d, 

Produwr-gai*  p.  IJO. 
Coking,  p,  131, 

do 

BltutslnouBi  run  of  mliw. . . 

(T) 

St-T'ftming.  p.  133, 
Wiishlng,  p.  133. 
CokUigt  p.  133. 

J.  B.  Borrows- -- *-*  +  - 

peat  briqu^tto* ,.,._... 

Produoer-gBi,  p.  tlL 

V.a.r>nipbdL..... 

Brown  UfEnltVi ..,.  L  ±  j.,.^j 

No  Dun^p  -  X   -  -  n  T 

ProdtM9er-giU|  pw  13d 

24  OPERATIONS   OF    FUEL-TESTING   PLANT   IN    1905. 

Samples  of  coal 


Namo  of  sample. 

Operator.                     Mine. 

Location. 

Railroad. 

North  Dakota  No. 

Furnished  by  en- 
gineers    of 
United    States 
R e el  a mation 
Service. 

Cedar  Coulee 

4  miles  southeast  of 
Williston,      Wil- 
liams      County, 
N.  Dak. 

2B. 

North  Dakota  No.  3. 

Washburn     Lig- 
nite  Coal  Co. 

Wilton 

1  mile  east  of  Wil- 
ton,  Mc  Lean 
County,  N.  Dak. 

Minneapolis,  St. 
Paul  and  Sault 
Ste.  Marie. 

Ohlo  No.  1 

Superior  Coal  Co.. 

No.  10 

9  miles  southeast  of 
Wellston.    Jack- 
son County,  Ohio. 

Baltimore  and 
Ohio. 

Ohio  No.  2     .... 

.do 

do 

do 

do 

Ohio  No.  3 

Ohio  Mining  and 
Manufacturing 
Co. 

Gosllne    &    Bar- 
bour. 

Shawnee,        Perry 
County,  Ohio. 

Zanesville  and 
Western. 

Ohio  No.  4 

United       States 
Coal  Co. 

Crow  Hollow 

Bradley,   Jefferson 
County,  Ohio. 

Baltimore  and 
Ohio. 

Ohio  No.  5 

The    Glens    Run 
Coal  Co. 

Rush  Run  No.  1... 

• 

Rush  Run,  Jeffer- 
son County,  Ohio. 

Pennsylvania 

Ohio  No.  6 

Neflr  Coal  Mining 
Co. 

Nol 

Neffs,   Belmont 
County,  Ohio. 

Baltimore  and 
Ohio. 

Ohio  No.  7 

ForsytheCoalCo. 

Forsjrthe 

Danford,  Guernsey 
County,  Ohio. 

do 

Ohio  No.  8 

Upson  Coal  and 
Mining  Co. 

Dixie 

Dixie,      Perry 
County,  Ohio. 

do 

Ohio  No.  9  A 

Gallia  Mining  Co.. 

Clarion 

Clarion,       Vinton 
County,  Ohio. 

Hocking    Valley. 

Ohio  No.  9  B 

.do 

do 

.  ..do 

do 

Penn8ylvaDiaNo.4. 

Jamison  Coal  and 
Coke  Co. 

Jamison 'No.  2 

i   miles    north    of 
Greensburg,West- 
moreland  County 
Pa. 

Pennsylvania 

Pennsylvania  No.  5. 

James    W.    Ells- 
worth &  Co. 

No.  land  No.  2... 

Ellsworth,    Wash- 
ington    County, 
Pa. 

do 

Pennsylvania  No.  6. 

Hustcad-Seamens 
Coal  and  Coke 
Co. 

Ilustead-Seamens 

East        Millsboro. 
W  e  s  t  m  oreiand 
County,  Pa. 

do 

Pcnnsvlvania  No.  7. 

Old  Colony  Coal 
and  Coke  Co. 

Ligonier 

3   miles    north    of 
Ligonier,     West- 
moreland   Coun- 
ty, Pa. 

Ligonier  Valley... 

Pennsylvania  No.  8. 

P  e  n  n  s  y  1  V  a  nia 
Coal  and  Coke 
Co. 

No.3 

Ehrenfeld,  Cambria 
County,  Pa. 

Pennsylvania 

Pennsylvania  No.  9. 

Reading  Iron  Co.. 

Kimmelton 

Kimmelton,  Somer- 
set County,  Pa. 

Baltimore  and 
Ohio. 
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Inapecftor* 

Kindolco&i. 

Name  of  hcd. 

Ttatft. 

Brown  ttgnlte;  ruo  ol  mlaa. . 
Bto wn  llpil te ;  tump. 

No  name 

Produnjr-ga«^  p.  137. 

Stparatrtf ,  p.  l.TS. 
producvr-giiii.  p.  13fl, 

1,                                    1 
V,  A.  Cunpbctl 

do.,.. 

J.  W.  GroTfs 

BEtiiRtinouBi    ruD  oi  mlno 
from  No.  4  bed. 

No-4.. 

Steaming  p.  140. 

WiiAiilftgt  P-  141. 
Coking,  p.  143. 

do 

BEtamlnous;    ruo  of  mitiG 
from  No.  &  bed.    ' 

No.  5 

e  tea  mine,  p.  I43l 
W*«hlng,  p.  144. 
Coking,  p.  144. 

.,„,do*-*. 

BEttunlBOus;  ruo  of  mine. . . 

No.  6  . . . . 

StcMiming,  fi.  II.*}. 
FrocJut'pT'gaB,  p.  \46. 
Washing,  p.  147, 
Coking,  p.  147. 

do ...„.,... 

BLtumloouii;      J-lri£Jb   wwU 
over  f-toeh  bar  Hneenfl. 

No,  fi. 

et«*ming.  p.  148. 
ProducoT-gai,  p.  140. 
Wftshinp,  p.  iWh 
Coking,  p.  ISO. 

.....do,,....,.,....... 

Bltumiitoua;  *'  f-iach  coal/'' 
ov«r  f-indi  bar  screen. 

Pit  tabu  re )  or  No. 

Stemming,  p.  151. 
Froituoer-gAft*  p.  151 
Coking,  p.  153. 

W,J.  VonBorrfefi...., 

BttumtEtOQi;  run  of  mtne^ . . 

No.  8.... 

Steaming,  p.  154. 
ProduwrgAa.  p.  1.^. 
Washing,  p.  m.                  , 
Coking,  p.  156. 

J.  W.  Grom  ........ 

BJtumloouB;  lump,  over  1|* 
Inch  b&r  scrocti. 

No*  7 

Bte«niing,  p.  157. 
Produc^r-i^ii  p.  15S, 
WaflKlug,  p.  l.w. 
Coking,  p.  im. 

do , 

Bltumiooui;  runotmtno... 

Ko.  SHocktog....! 

Bttsamln^,  p.  100. 
Produwr-giia,  p.  161. 
Washing,  p.  m. 
Coking,  p.  1^. 

..,*.do .,.., 

BilumlnoiiB;  lump*  over  l^- 
tadh  Mreea. 

No.< 

Steaming,  p.  Ift3. 
Produce r-ga5,  p.  lOS. 
Cokmg.  p.  Iflfl. 

do 

BUiubIoouh;  nut  aod  slock. 

.....do. 

Steaming,  p.  Ifla. 
Wa^b^Qg,  p.  105. 
Coking,  p/l{jf5. 

.....do 

Bituminoua;  tump,0Terll' 
iocti  bar  scmm. 

PttUborg 

St(jfttning,  p.  167 
Producer-guSf  p  1€8. 

W.J.VnoBorriM..., 

BEtuminous:  "}-Iodi  ce&\t" 
over  J-lneh  bitr  pcreeo. 

St«amJnK.  p,  16&> 
produoer-gaa.  p,  170. 
Wafthlng,  p,  \1L 
Coking,  p.  17J. 

J.  W.  GroTcA . 

Bltluntnous:  nin  of  mine. . . 

do.„.... 

Stej^mlng,  p.  172. 
Producer-gas,  p.  173, 
Waj.hing,  p.  174. 
Coking,  p.  175, 

J .  S,  Bumowv. ....... 

,.._4o. 

Pitt*  bum*  or  Con- 
nellMvllTe. 

Steaming,  p.  I7fi. 
Produeer-gas,  p.  177. 
Washing,  p.  ITS. 
Coking,  p.  I7S. 

.,...do.. 

.....do 

Lower      Kittan- 
nlng* 

Stemming,  p.  119. 
PTofliicrr-gaa,  p.  180. 
Coking,  p.  Igl. 

W.  J.  Von  Borrlra.... 

do .,.„....,.. 

...,.do 

Washing,  p,  IBS. 
Cokingr  p.  1S3. 
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SampUs  cf  coal 


Name  of  sample. 


Pennsylvania  No.lO 

Virginia  No.  1 

Virginia  No.2 


Virginia  No.  3. 
Virginia  No.  4. 


West  Virginia  No.  4. 


West  Virginia  No. 
13. 


West  Virginia  No. 
14. 


West  Virginia  No. 
15. 


West  Virginia  No. 
16A. 

West  Virginia  No. 
16B. 


West  Virginia  No. 
17. 


West  Virginia  No. 
18. 


West  Virginia  No. 
19. 

West  Virginia  No. 
20. 


West  Virginia  No. 
21. 


Wyoming  No.  2B... 
I 

Wyoming  No.  3 


Brazil,  No.  1. 


Operator. 


Pittsburg-Buffalo 
CkMtlCo. 


Interstate  Invest- 
ment Co. 


Interstate  Invest- 
ment Co. 


Virginia  Iron, 
Coal  and  Coke 
Co. 

Darby  Coal  and 
Coke  Co. 


Elkins  Coal  Co . . 


Loup  Creek  Col- 
liery Co. 


.do. 


Fairmont  Coal  Co, 


.do. 
-do. 


Elkins  Coal  Co . . 


Glen  Alum  Fuel 
Co. 


White  Oak  Coal 
Co. 

Stevens  Coal  Co.. 

WinifredeCoalCo. 
Cambria  Fuel  Co . 
StUwell  Coal  Co . . 


Mine. 


Bertha. 


H.  C.  Morris  pros- 
pect. 


Big   opening    on 
Wilson  farm. 


Cobum. 


Darby. 


No.2 

Page  No.2.. 

Page  No.  1.. 


Ocean. 


Monongah  No.  6. . 


.do. 


Country  bank. 


Glen  Alum. 


McDonald. 
Keystone.. 


Gas. 


Antelope,  Nos.  1 
and  2,  and  Jum- 
bo. 


Sao  Jeronymo. 


Location. 


Bruce,     Allegheny 
County,  Pa. 


Crab  Orchard,  Lee 
County,  Va. 


Near  Crab  Orchard, 
Lee  County,  Va. 


Toms  Creek,  Wise 
County,  Va. 


Darby,  Lee  County, 
Va. 


Bretz,         Preston 
County.  W.  Va. 

Page,    Fayette 
County,  W;  Va. 


.do. 


3  mOes  east  of 
Clarksburg.  Har- 
rison County,  W. 
Va. 

Monongah,  Marion 
County,  W.  Va. 


.do. 


2\  miles  above 
Bretz,  Preston 
County,  W.  Va. 

Glen  Alum,  Mingo 
County,  W.  Va. 


McDonald,  Fayette 
County,  W.  Va. 

Acme,      Kanawha 
County,  W.  Va. 


Winifrede,  Kana- 
wha County,  W. 
Va. 

Cambria,  Weston 
County,  Wyo. 


Sec.  27,  T.  64  N..  R. 
61  W.,  at  Aladdin, 
Crook  County, 
Wyo. 

Rio  Grande  do  Sul, 
Brazil. 


Railroad. 


Baltimore    and 
Ohio. 


About  7  miles 
from  Louisville 
and  Nashville. 

About  7  miles 
from  Louisville 
and  Nashville. 


Norfolk        and 
Western. 


Louisville     and 
Nashville. 


Moigantown  and 
Kingwood. 

Deepwater;  Ches- 
apeake and 
Ohio. 


.do. 


Baltimore    and 
Ohio. 


.do. 


.do. 


Moigantown  and 
Kingwood. 


Norfolk       and 
Western. 


Chesapeake  and 
Ohio. 


.do. 


.do.. 


Burlington    and 
Missouri  River. 


Wyoming  and 
Missouri  River; 
Chicago  and 
Northwestern. 


SAMPLES    RECEIVED   AND   TESTED. 
received  and  tested — Continued. 
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Inspector. 

Kind  of  coal. 

Name  of  bed. 

Tests. 

W.J.  Von  Borrles.... 

Bituminous;  "i-inchcoal". 

Pittsburg 

Steaming,  p.  184. 
Producer-gas,  p.  185. 
Coki^,  p.  186. 

J.  8.  Burrows 

Bituminous;  run  of  mine .. . 

Wilson 

Steaming,  p.  187. 
Producer-gas,  p.  188. 
Coking,  p.  189. 

do 

do 

McConneil 

Steaming,  p.  190. 
Producer-gas,  p.  192. 
Washing,  p.  1^. 
Coking,  p.  103. 

W.J.  Von  Borrles.... 

Bituminous;  lump;over  Sc- 
inch bar  screen. 

Upper  Banner 

Steaming,  p.  194. 
Producer-gas,  p.  195. 
Coking,  p.  196. 

J.  W.  Groves 

Bituminous;  lump,  over  1)- 
incb  bar  screen. 

Darby 

Steaming,  p.  197. 
Producer-gas,  p.  198. 
Coking,  p.  199. 

do 

Bituminous;  run  of  mine. . . 

Freeport 

Washing,  p.  200. 
Coking,  p.  200. 

E.  W.  Parker 

do 

Ansted 

Steaming,  p.  201. 
Producer-gas,  p.  202. 
Coking,  p.  203. 

do 

do 

Eagle.  ... 

Steaming,  p.  204. 
Producer-gas,  p.  205. 
Coking,  p.  206. 

J.  8.  Burrows 

do 

Pittsburg 

Steaming  p.  207. 
Coking,  p.  508. 

do 

Bituminous;  f4nch    lump, 
over  )-inch  screen. 

do 

Producer-gas,  p.  209. 
Coking,  p.  210. 

do 

Bituminous;  slack,  through 
Hnch  screen. 

.do  .. 

Washing,  p.  200. 
Coking,  p.  210. 

J.  W.  Groves 

Bituminous;  run  of  mine... 

Bakerstown 

Steaming,  p.  211. 
Washing,  p.  212. 
Coking,  p.  212. 

do 

do 

Local  Glen  Alum . 

Steaming,  p.  213. 
ProdUcer-gas,  y.  214, 
Coking,  p.  216. 

do 

do 

Sewell 

Steaming,  p.  216. 
Coking,  p.  217. 

do 

...  .do 

Keystone 

Steaming,  p.  218. 
Producer-gas,  p.  220L 
Washing,  p.  220. 
Coking,  p.  221. 

do 

do 

Winifrede 

Steaming,  p.  222. 
Washing,  p.  224. 
Coking,  p.  224. 

M.R.Campbell 

do 

(7) 

Steaming,  p.  225. 
Producer-gas,  p.  226. 

do 

Bituminous 

(?) 

Steaming,  p.  227. 
Producer-gas^.  228. 
Washing,  p.  W, 
Coking,  p.  229. 

Bituminoua;  run  of  mine 

Steaming,  p.  232. 
Producer-gas,  p.  233. 

• 
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SAMPLES  COLLECTED  AND  EN  ROUTE  TO  ST.  LOUIS  JANUARY  1,  1906. 

The  following  samples  were  en  route  and  in  the  yards  of  the  fuel-testing  plant  January 
1, 1906.    The  results  of  tests  on  these  samples  will  appear  in  a  later,  report: 

Arkansas  No.  /.—Slack  coal  for  washing  and  coking  tests  furnished  by  Central  Coal  and  Coke  Com- 
pany, of  Kansas  City,  Mo.,  from  mine  No.  3,  Huntington,  Ark. 

ArkanMs  No.  7.— Lump  and  slack  coal  for  steaming,  produoer-gas,  coking,  and  washing  tests,  fur- 
nished by  Mammoth  Vein  Coal  Company,  of  Midland,  Ark.,  from  Mammoth  Ve'in  mine.  Midland,  Ark. 

Arkansas  No.  S.—'So.  i  coal  for  steaming  and  washing  tests  furnished  by  Consolidated  Anthracite 
Coal  Company,  of  Spadre,  Ark.,  from  No.  1  mine,  Spadre,  Ark. 

Arkansas  No.  P.— Slack  coal  for  coking  and  washing  tests  furnished  by  Central  Coal  and  Coke  Com- 
pany, of  Kansas  City,  Mo.,  from  mine  No.  26,  Bonanza,  Ark. 

Arkansas  No.  /O.— Lignite  for  producer-gas  test  furnished  by  Richmond  Hibbard,  of  Camden,  Ark., 
from  mine  L.  O.  U.  No.  2,  Lester  Mill  Company,  Ark 

Illinois  No.  iO.— Slack  for  steaming,  coking,  and  washing  tests  furnished  by  the  Mount  Olive  and 
Staunton  Coal  Company,  of  St.  Louis,  Mo.,  from  mine  No.  1,  Staunton,  111. 

Indiana  No.  12.— Run  of  mine  coal  for  steaming,  coking,  and  washing  tests  furnished  by  Patoka 
River  Coal  and  Coke  Company,  of  Huntington,  Ind.,  from  Hartwell  mine,  Hartwell,  Ind. 

Massachusetts  No.  /.—Peat  for  producer-gas  test  furnished  by  C.  L.  Norton,  Massachusetts  Institute 
of  Technology,  Boston,  Mass.,  from  bog  near  Halifax,  Mass. 

Texas  No.  5.— Lignite  for  producer-gas  and  briquetting  tests  furnished  by  J.  J.  Oisen  &  Son,  of  San 
Antonio,  Tex.,  from  Olsen  mine,  Olsen,  Tex. 

Texas  No.  4.— Lignite  for  steaming,  produoer^as,  and  briquetting  tests  furnished  by  Consumers 
Lignite  Company,  of  Pallas,  Tex.,  from  mine  No.  3,  Hoyt,  Tex. 


WORK  OF  THE    CHEMICAL  LABORATORY. 


By  N.  W.  Lord. 


INTRODUCTION. 

The  routine  work  of  the  laboratory  and  the  general  methods  used  in  making  the  chemical 
and  analytical  tests  on  the  samples  of  coal  and  other  fuels  tested  at  the  fuel-testing  plant, 
continue  to  be  essentially  the  same  as  during  the  St.  Louis  Exposition  and  are  described  in 
the  reports  covering  that  period,  a 

NEW   EQUIPMENT. 

The  temporary  laboratory  employed  during  the  Exposition  was  very  crowded  and  incon- 
venient owing  to  the  limited  space  at  the  disposal  of  the  fuel-testing  plant  for  this  work. 
Since  that  time  the  work  has  been  done  in  a  new  laboratory  fitted  up  in  the  foundry  building 
left  by  the  Exposition.  This  new  laboratory  is  larger,  more  convenient,  and  better  equipped 
in  every  way  for  the  work,  and  materially  facilitates  accuracy  and  uniformity  of  results. 

Under  the  head  of  "  New  equipment "  may  also  be  mentioned,  for  the  analytical  work,  two 
additional  analytical  balances,  an  extra  combustion  furnace  for  ultimate  work,  an  extra 
steel  bomb  for  calorimeter  work,  and  two  calcium-chloride  drying  ovens  of  special  design 
for  the  moisture  determinations;  for  the  sampling  work,  an  especially  designed  drying  oven, 
for  facilitating  the  drying  of  the  samples  to  a  nearly  air-dry  condition,  and  a  four-jar  labora- 
tory ball  mill  (manufactured  by  the  Abb4  Engineering  Company),  for  final  pulverization 
of  the  sample.    These  are  mentioned  more  in  detail  under  ''Changes  in  methods.'' 

During  the  Exposition  city  gas  was  used  as  a  laboratory  fuel.  After  the  close  of  the  Expo- 
sition this  was  not  available  and,  as  a  consequence,  gasoline  gas  is  at  present  used  in  the 
laboratory.  The  machine  used  for  supplying  the  gas  is  furnished  by  the  Federal  Gas  Com- 
pany, of  St.  Louis,  Mo.,  and  so  far  has  proved  satisfactory. 

CHANGES    IN   METHODS. 

In  general  the  methods  employed  in  the  work  have  been  only  slightly  changed  from  those 
in  use  during  the  Exposition.  However,  certain  modifications  have  been  introduced,  fol- 
lowing out  lines  developed  in  the  experimental  work  of  the  laboratory.  One  of  the  most 
important  of  these  is  in  regard  to  the  preliminary  or  air  drying  of  the  samples.  The  earlier 
method  of  exposing  the  sample  to  the  air  of  the  laboratory  proved  unsatisfactory  owing  to 
the  extremely  varying  moisture  conditions  resulting  from  the  general  character  of  the 
weather;  the  air  drying  loss  in  different  samples  of  the  same  coal  varied  greatly,  though  it  was, 
of  course,  accompanied  by  corresponding  changes  in  the  residual  moisture  of  the  coal  and 
therefore  did  not  materially  affect  the  final  statement  of  the  analysis  of  the  sample  as 
received.  In  order  to  make  determinations  of  the  loosely  held  moisture  more  uniform  and 
definite,  a  special  drying  oven  has  been  designed  and  introduced  into  the  laboratory;  in  this 
oven  samples  of  several  pounds  weight  can  be  dried  in  a  gentle  current  of  air  raised  from  10° 
to  20°  above  the  temperature  of  the  laboratory.     In  this  way  the  coal  is  air  dried  in  an 

aBuU.  U.  8.  Oeol.  Survey  No.  261, 1905;  Prof.  Paper  U.  S.  Oeol.  Survey  No.  48, 1906. 
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atmosphere  with  a  very  low  dew-point  and  not  subject  to  large  percentage  variations,  and 
the  results  obtained  are  considerably  more  con?ordant.  Another  advantage  of  this  method 
is  that  it  greatly  shortens  the  time  of  air  drying,  so  that  the  samples  can  be  prepared  in 
much  less  time  than  formerly.  A  detailed  description  of  the  apparatus  will  be  presented 
in  the  complete  report. 

As  it  has  been  clearly  demonstrated  in  the  earlier  work  of  the  laboratory  that  there  was 
a  marked  loss  in  moisture  in  many  samples  during  the  reduction  of  the  air-dried  sample  and 
the  weighing  out  for  analysis,  the  system  of  sampling  in  this  respect  has  been  radically 
changed.  The  sample  is  ground  in  tight  jars  with  quartz  pebbles,  in  a  ball  mill.  The 
ground  sample  is  placed  in  wide-mouthed  bottles  and  the  sample  for  analysis  mixed  and 
weighed  direct  therefrom  without  pouring  out  and  mixing,  as  was  done  in  the  earlier  work. 
Direct  comparison  between  samples  reduced  in  this  way  and  those  ground  on  a  bucking 
board  or  in  an  open  mortar  shows  a  distinct  difference  in  the  percentage  of  moisture,  due 
to  changes  from  the  exposure  during  sampling. 

PERSONNEL. 

The  personnel  of  the  laboratory  at  present  is  as  follows:  Prof.  E.  E.  Somermeier,  in  charge; 
Mr.  F.  M.  Stanton,  head  chemist;  Mr.  G.  A.  Burrell  first  assistant  ;  Messrs.  Karl  M.  Way 
and  E.  C.  Waters,  assistants. 

WORK   DONE    IN   TIFE    LABORATORY. 

From  May  up  to  January  1  the  laboratory  has  received  over  1,000  samples,  representing 
coal  from  nineteen  States  and  three  Territories.  The  proximate  analyses  and  sulphur  deter- 
minations have  been  made  on  practically  all  of  these,  and  the  ultimate  analyses,  determina- 
tions of  the  heating  value,  and  other  special  determinations  have  been  made  on  such  of  the 
samples  as  have  required  the  additional  work. 

In  addition  to  the  regular  routine  work  on  the  coal  samples,  some  tests  on  tars  and  some 
laboratory  work  on  the  washing  of  coal  have  been  conducted,  while  a  limited  number  of 
experimental  lines  of  work  have  been  followed  up,  in  so  far  as  the  time  at  the  disposal  of  the 
laboratory  force  has  permitted. 

Analytical  results  are  presented  in  the  detailed  report  on  each  sample  (pp.  5^233). 


WASHING  TESTS, 


By  John  D.  Wick. 


INTRODUCTION. 

As  noted  in  the  description  of  the  washing  tests  made  during  1904,o  the  lack  of  adequate 
storage  facilities  and  the  constant  demand  on  the  conveying  and  weighing  apparatus  for 
delivering  coal  to  the  boilers  and  producer  greatly  interfered  with  the  washing  tests  and 
tended  somewhat  to  vitiate  the  results. 

IMPROVEMENT  IN  EQUIPMENT. 

In  order  to  eliminate  these  difficulties,  important  changes  were  made  at  the  beginning  of 
1905  in  the  arrangement  of  the  washery  building.  To  the  four  35-ton  and  two  17i-ton 
storage  bins  in  use  during  1904  were  added  five  35-ton  bins,  which  increased  the  storage 
capacity  of  the  washery  building  from  175  tons  to  350  tons.  The  construction  of  three 
50-ton  auxiliary  bins  on  the  ground  adjacent  to  the  coke  ovens  further  increased  the  capac- 
ity to  500  tons. 

A  30-inch  Jeffrey  conveying  belt  was  installed  running  from  the  car  siding  directly  to  the 
gas  producer  and  boilers.  This  is  used  to  deliver  coal  to  the  gas  producer  and  boilers  with- 
out crushing,  or,  in  other  words,  in  the  same  condition  as  when  received  from  the  mine. 
This  conveyer  has  the  additional  advantage  of  relieving  the  main  conveyer  in  the  washery 
building  of  a  large  portion  of  work,  leaving  it  available  for  use  in  connection  with  washing 
tests. 

In  rearranging  the  washing  apparatus  the  Stewart  modified  jig  in  use  during  1904  was 
retained,  but  the  New  Century  jig  was  replaced  by  two  Luhrig  fine-coal  jigs.  The  Stewart 
jig  will  wash  coal  composed  of  pieces  crushed  to  1)  inches  in  diameter,  but  the  Luhrig  jigs 
can  be  used  only  for  coal  one-half  inch  in  diameter  or  less.  With  this  equipment  washing  tests 
have  been  made  with  considerably  better  results  than  were  obtained  in  1904,  and  owing  to 
the  increased  storage  facilities  larger  samples  of  coal  have  been  treated,  affording  a  better 
opportunity  for  accurate  adjustment  of  the  jigs  and  for  continuous  nms  approximating 
practical  washing  conditions.  The  water  for  washing  tests  is  taken  from  the  city  mains 
and  is  reused  by  being  pumped  from  the  settling  tank  back  to  th3  jigs. 

TESTS  MADE. 

Thirty-eight  samples  of  coal  from  eight  States,  as  enumerated  below,  were  washed  during 
the  period  from  May  1,  1905,  to  January  1,  1906.  The  results  of  these  washing  tests  will 
be  found  in  the  detailed  report  on  each  sample,  presented  on  pages  53-233  of  this  report. 

Illinois  No.  5.— Hun-of-mine  coal  from  Coffeen  mine,  Clover  Leaf  Coal  Company,  Cofleen,  111.;  washed 
for  steaming  test. 

Illinois  No.  7.— Slack  coal  from  No.  2  mine,  Lumaghi  Coal  Company,  CoUinsville,  111.;  washed  for 
steaming  and  coking  tests. 

Illinois  No.  P.— Run-of-mlne  coal  from  No.  2  mine,  Mount  Olive  and  Staunton  Coal  Company,  Staun- 
ton, 111. 

o  Bull.  U.  S.  Oeol.  Survey  No.  201,  1905,  p.  60. 
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Illinois  No.  /O.— Slack  coal  from  West  Frankfort  mine,  Dering  Coal  Company,  Weat  Frankfort,  111. 
washed  for  steaming  test. 

Illinois  No.  /f.— Run-of-minecoal  from  Bush  No.  1  mine,  Western  Coal  and  Mining  Company,  Bush, 
111.;  washed  for  steaming  test. 

Illinois  No.  IS.— li-inch  and  6-inch  egg  coal  from  Benton  mine,  Benton  Coal  Company,  Benton,  111.; 
washed  for  steaming  test. 

Illinois  No.  Z^.— Lump  coal  from  No.  2  mine,  Capital  Coal  Company,  Springfield,  111.;  washed  for 
steaming  test. 

Illinois  No.  /5.— Lump  coal  from  South  mine,  Pettinger  &  Davis  Company,  Centralia,  111.;  washed 
for  steaming  test. 

Illinois  No.  /5.— Lump  and  egg  coal  from  No.  7  mine.  Big  Muddy  Coal  and  Iron  Company,  Herrin,  111.; 
washed  for  steaming  and  coking  tests. 

Illinois  No.  18.— Lump  coal  from  La  Salle  mine,  La  Salle  County  Carbon  Coal  Company,  Laaalle,  III.; 
washed  for  steaming  test. 

Indiana  No.  5.— Nut  and  slack  coal  from  No.  3  mine,  5.  Wooley  Coal    Company,  Boonville,  Ind.; 
washed  for  steaming  and  coking  tests. 

Indiana  No.  4. — Screenings  from  No.  29  mine,  Consolidated  Indiana  Coal  Company,  Star  City,  Ind.; 
washed  for  steaming  and  coking  tests. 

Indiana  No.  0.— Run-of-mine  coal  from  No.  34  mine,  Consolidated  Indiana  Coal  Company,  Hymera, 
Ind.;  washed  for  steaming  and  coking  tests. 

Indiana  No.  7.— Lump  and  nut  coal  from  Little's  mine,  6.  W.  Little  Coal  Company,  Litt4es,  Ind.; 
washed  for  steaming  and  coking  tests. 

Indiana  No.  *.— Lump  coal  from  Deep  Vein  mine,  Deep  Vein  Coal  Company,  Terre  Haute,  Ind.; 
washed  for  steaming  test. 

Indiana  No.  P.— Run-of-mine  coal  from  Red  Bird  mine,  Fauvre  Coal  Company,  Macksville,  Ind.; 
washed  for  steaming  test. 

Indiana  No.  10. — Lump  coal  from  No.  10  mine.  Park  County  Coal  Company,  Rosedale,  Ind.;  washed 
for  steaming  tests. 

Maryland  No.  1. — Run-of-mtne  coal  from  Washington  No.  3  mine,  Piedmont  and  Georges  Creek  Coal 
Company,  near  Piedmont,  W.  Va.;  washed  for  steaming  and  coking  tests. 

Ohio  Nos.  1  and  *.— Run-of-mine  coal  from  No.  10  mine,  Superior  Coal  Company,  near  Wellston, 
Ohio;  washed  for  steaming  and  coking  tests. 

Ohio  No.  5.— Run-of-mlne  coal  from  Gosline  &  Barbour  mine,  Ohio  Mining  and  Manufacturing  Com- 
pany, Shawnee,  Ohio;  washed  for  steaming  and  coking  tests. 

Ohio  No.  4.— Three-fourths  inch  coal  from  Crow  Hollow  mine,  United  States  Coal  Company,  Bradley, 
Ohio;  washed  for  steaming  and  coking  tests. 

Ohio  No.  ff.— Run-of-mine  coal  from  No.  1  mine,  Ncffs  Coal  Mining  Company,  Neffs,  Ohio;  washed  for 
steaming  and  coking  tests. 

Ohio  No.  7.— Lump  coal  from  Forsythe  mine,  Forsythe  Coal  Company,  Danford,  Ohio;  washed  for 
steaming  and  coking  tests. 

Ohio  No.  «.— Run-of-mlne  coal  from  Dixie  mine,  Upson  Coal  and  Mining  Company,  Dixie,  Ohio; 
washed  for  coking  tests. 

Ohio  No.  P.— Screenings  from  Clarion  mine,  Gallia  Mining  Company,  Clarion,  Ohio;  washed  for 
steaming  and  coking  tests. 

Pennsylvania  No.  J.— Three-fourths  inch  coal  from  No.  2  mine,  James  W.  Ellsworth  *  Co.,  Ellsworth, 
Pa.;  washed  for  steaming  and  coking  tests. 

Pennsylvania  iVo.  5.— Run-of-mine  coal  from  Hustead-Seamens  mine,  Hustead-Seamens  Coal  and 
Coke  Company,  East  MiUsboro,  Pa. ;  washed  for  steaming  and  coking  tesis. 

Pennsylvania  No.  7.— Run-of-mine  coal  from  Ligonier  mine,  Old  Colony  Coal  and  Coke  Company 
near  Ligonier,  Pa.;  washed  for  steaming  and  coking  tests. 

Pennsylvania  No.  9.— Run-of-mine  coal  from  Kimmelton  mine,  Reading  Iron  Company,  Kimmelton, 
Pa.;  washed  for  coking  test. 

Virginia  No.  f.— Run-of-mine  coal  from  McConnell  mine,  Interstate  Investment  Company,  near 
Crab  Orchard,  Va.;  washed  for  steaming  and  coking  tests. 

West  Vir0nia  No.  -(.—Run-of-mine  coal  from  No.  2  mine,  Elklns  Coal  Company,  Bretz,  W.  Va.: 
washed  for  coking  test. 

West  Virginia  No.  /^.— Slack  coal  from  Monongah  No.  6  mine,  Fairmont  Coal  Company.  Monongah, 
W.  V^a.;  washed  forcokmg  test. 

West  Virginia  No.  /7.— Run-of-mine  coal  from  country  bank,  Elkins  Coal  Company,  near  Bretz, 
W.  Va.:  washed  for  steaming  and  coking  tests. 

West  Virginia  No.  iO.— Run-of-mine  coal   from    Keystone  mine,  Stevens  Coal  Company,  Acme, 
W.  Va.;  washed  for  steaming  and  coking  tests. 

West  Virginia  No.  #/.— Run-of-mine  coal  from  Gas  mine,  Winifrede  Coal  Company,  Wtnifrede, 
W.  Va.,  washed  for  steaming  and  coking  tests. 

Wyoming  No.  .5.— Run-ol-mine  coal  from  mine  of  Stilwell  Coal  Company,  Aladdin,  Wyo.;  washed  foi 
steaming  and  coking  tests. 
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EQUIPMENT. 

The  steaming  tests  under  the  Heine  boilers  have  been  continued  under  practically  the 
same  conditions  as  the  78  trials  made  during  the  period  of  the  Louisiana  Purchase  Exposi- 
tion. For  convenience  the  principal  proportions  of  the  boiler  settings  are  shown  in  the  fol- 
lowing table: 

Leading  projwrtiona  of  the  two  Heine  waUr-tuhe  boilers  used  in  Ihe  fud-testing  ptant. 


Boiler 
No.  2. 


Rated  capacity  of  boiler horse  power. 

Water-heating  surface square  feet. 

Superheating  surface 

Grate  area square  feet. 

Air  space  through  grate per  cent. 

Available  stack  draft inchds  of  water. 

Height  of  steel  stacks feet 

Area  of  steel  stacks square  feet 

Number  of  3i-inch  tubes  on  each  boiler 

Usual  steam  pressure  carried pounds 


The  two  boilers  used  for  these  tests  are  exactly  similar  in  construction  and  setting.  E^ach 
is  provided  with  its  own  stack  and  fed  by  its  own  injector.  The  scales  and  instruments  used 
in  the  trials  are  frequently  checked  and  maintained  in  an  accurate  condition. 

IMPROVEMENTS  AXD  ADDITIONS. 

After  the  completion  of  the  World's  Fair  series  of  steaming  tests  a  few  changes  in  the 
settings  were  made,  as  follows: 

A  McClave  rocking  grate  was  installed  under  boiler  No.  2.  It  was  thought  that  some 
coals  could  be  handled  more  satisfactorily  on  a  grate  of  this  type  and  this  proved  to  be  the 
case.  The  B.  F.  Sturtevant  Company  loaned  the  plant  a  forced-draft  outfit,  consisting  of 
blower  and  direct-connected  steam  engine.  This  has  been  set  up  so  as  to  dischaige  air  into 
the  closed  ash  pits  under  each  grate.  By  the  aid  of  a  light  draft  it  has  been  possible  to  bum 
lignites  high  in  moisture  with  fair  results.  A  series  of  trials  with  slack  coals  and  dried  lig- 
nites is  contemplated  later. 

The  brick  walls  have  been  given  two  coats  of  paint  and  all  cracks  and  openings  have  been 
carefully  stopped  with  asbestos  paste.  A  special  air-leakage  test  box  has  been  used  to 
locate  leaks  of  air  in  the  settings  and  all  leaks  have  been  promptly  stopped. 

During  the  first  weeks  of  this  series  of  trials  several  gas-mixing  devices  were  tried  in  the 
combustion  chamber,  such  as  fire-brick  honeycombs,  but  they  lacked  durability,  perhaps 
because  of  faulty  construction  and  inferior  material.  A  honeycomb  wall  was  then  built  of 
very  large  fire-clay  shapes,  6  by  12  by  18  inches,  which  withstood  the  heat  for  six  months. 
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Considering  the  facts  that  the  floor  of  the  combustion  chamber  had  no  special  rigidity  and 
that  this  was  our  first  experience  in  selecting  material  for  and  erecting  such  a  structure,  it  is 
fair  to  assume  that  it  is  conmiercially  practicable  to  use  such  mixing  structures  in  combus- 
tion chambers. 

The  object  of  this  construction  is  to  subdivide  and  mix  the  gases  coming  from  the  fuel  bed 
and  to  cause  them  to  travel  a  greater  distance  before  striking  the  cold  tubes.  These  fire- 
clay masses  also  absorb  heat  between  firings  and  give  it  out  just  after  firings  when  there  is  a 
large  rush  of  cold  air  and  hydrocarbons. 

Recently  the  lowest  row  of  tubes  of  boiler  No.  2  has  had  the  protecting  tiles  changed  from 
the^"C"  to  the  rectangular  flat-bottomed  type.  The  "C"  tiles  gave  much  trouble  from 
breakage  due  to  radiant  heat  and  were  also  frequently  broken  with  fire  tools.  The  flat- 
bottomed  tiles  are  more  durable  and  will  be  put  on  the  other  boiler  as  soon  as  its  "C"  tiles 
need  replacing.    The  rectangular  tiles  weigh  about  the  same  as  the  "C*  tiles. 

On  measurement  of  the  areas  left  between  the  tubes  at  the  end  of  the  loWer  and  upper 
baffles  where  the  gases  respectively  enter  and  leave  the  boiler  tubes,  it  was  foimd  that  a 
much  shorter  length  of  openings  would  do,  so  more  tube  tiles  were  added  below  and  more 
iron  tiles  above  until  the  openings  were  each  reduced  nearly  one-half;  thus  forcing  the  gases 
to  travel  a  slightly  greater  length  of  tube  surface. 

'Hie  following  new  instruments  have  been  added  since  the  tests  of  last  year:  One  Crosby 
recording  steam  gage,  one  Bristol  recording  draft  gage,  one  Bristol  recording  flue  thermome- 
ter, one  Wanner  optical  pyrometer. 

The  instruments  have  served  as  a  check  on  the  regular  observations.  They  have  been 
checked  with  the  other  instruments  used  for  the  same  readings.  The  optical  pyrometer 
used  for  reading  combustion-chamber  temperatures  has  been  easily  handled  and  has 
been  found  exceedingly  useful  in  this  work. 

These  modifications  of  the  equipment  have  perhaps  improved  the  over-all  efficiencies  of 
this  year's  (1905)  tests  2  or  3  per  cent  over  last  year's. 

PERSONNEL. 

Prof.  Dwight  T.  Randall,  who  had  local  charge  of  the  steaming  tests  in  1904,  returned  to 
the  University  of  Illinois,  and  Mr.  Walter  T.  Ray,  of  the  Chicago  Edison  Company,  was 
appointed  to  the  vacancy.  Later  Mr.  Clyde  McClure  resigned  as  boiler-room  chemist,  to 
assume  duties  ^vith  the  above  company,  and  was  replaced  by  Mr.  Ralph  Gait,  of  the  Univer- 
sity of  Michigan.  The  same  fireman,  Mr.  Henry  Arcns,  has  been  employed  continuously 
since  the  tests  began.  Mr.  Robert  H.  Kuss,  until  recently  instructor  on  steam  boilers  at  the 
University  of  Illinois,  has  joined  our  local  staff,  as  have  Messrs.  Lloyd  R.  Stowe,  W.  M.  Park, 
Fred  K.  Pahmeyer,  and  R.  C.  Matthews.  The  following  men  have  also  been  with  the  work 
from  the  start:  Messrs.  Henry  Kreisinger,  H.  W.  Weeks,  R.  H.  Post,  and  C.  H.  Green. 

CHANGES  IN  METHODS  OF  TESTING. 

The  only  important  change  introduced  in  test  procedure  consisted  in  making  three  trials 
with  each  coal,  but  the  three  ran  so  nearly  alike  that  hereafter  only  two  will  be  made.  In 
the  first  series  only  one  trial  was  made  with  each  coal.  The  feeling  has  been  that  some 
changes  in  proportions  of  bafiling  might  increase  the  over-all  efficiency  of  all  the  trials. 
Still  the  temptation  to  make  any  marked  changes  has  been  resisted,  in  the  belief  that  the 
object  for  which  these  tests  are  being  conducted  will  be  better  served  by  keeping  to  the  same 
ratios  in  all  the  tests.  The  results  will  then  more  truly  show  the  comparative  value  of  the 
various  fuels  than  they  would  if  changes  in  the  setting  were  attempted. 

WORK  DONE. 

On  64  coals,  some  of  them  washed  in  part,  there  were  made  185  tests,  which  are  included  in 
this  report;  several  tests  were  thrown  out.  Coals  were  tested  from  Illinois,  Indiana,  Ken- 
tucky, Maryland,  North  Dakota,  Ohio,  Pennsylvania,  Virginia,  We^t  Virginia,  and  Wyoming. 
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FEATURES  OF  THE  INVESTIGATION. 

It  is  probable  that  the  general  efficiencies  obtained  are  fairly  good.  But  the  Surrey 
clearly  realizes  that  it  is  working  with  limits  imposed  by  its  particular  apparatus,  though 
these  limits  are  not  the  fault  of  the  Heine  construction,  inasmuch  as  any  combination  of 
grate,  furnace,  and  boiler  would  have  faults.  For  this  reason  and  others  all  steaming  tests 
are  only  approximately  comparative  and  not  final  as  between  coals.  Steaming  tests  should 
be  made  more  with  the  idea  of  eliminating  them  in  future  years  than  of  accepting  them  as 
final.    Toward  this  end  engineers  should  work  with  the  aid  of  chemistry  and  physies. 

The  determination  of  the  calorific  capacity  of  the  various  steaming  coals  has  shown,  during 
the  last  few  years,  that  these  coals  contain  a  larger  number  of  heat  units  than  were  formerly 
credited  to  them.  T^is  has  resulted  in  somewhat  lower  efficiencies  than  have  sometimes 
been  reported. 

Before  closing  the  present  series  of  trials  it  is  hoped  that  tests  may  be  made  with  several 
standard  coals,  which  will  show  the  effect  of  changes  in  certain  fundamental  ratios  on  the 
over-all  efficiency  of  these  outfits. 

Some  of  the  more  important  results  of  the  steaming  tests  are  given  on  pages  53-233,  in  the 
detailed  report  on  the  various  coal  samples  used. 

SPECIAL.  TESTS. 

Attention  is  called  to  some  special  tests  made  during  the  period  covered  by  this  report,  as 
follows: 

rESTS  ON    MIXED  CX>ALS. 

Tests  Nos.  240,  248,  and  254  were  made  on  Virginia  No.  4.  In  the  first  test  the  clinker 
filsed  onto  the  grate  so  as  to  be  very  difficult  to  remove;  in  the  two  remaining  tests  about 
200  pounds  of  nut-sized  limestone  was  spread  over  the  grate  before  starting,  so  that  the 
clinker  Tifted  up  very  easily.  The  average  boiler  efficiency  for  these  three  tests  was  66.6 
per  cent. 

Test  No.  242  was  run  on  Pennsylvania  No.  8  dried.  The  boiler  efficiency  was  68.3  per 
cent.  Cleaning  was  very  easy.  The  Virginia  coal  was  very  free  burning  and  long  flaming, 
and  the  Pennsylvania  coal  very  short  flaming.  It  was  thought  that  by  mixing  them,  as  a 
matter  of  experiment,  a  better  result  would  be  attained;  but  the  boiler  efficiency  was  only 
61.7  per  cent.  There  were  outside  reasons  for  the  result  being  low,  but  the  be^  that  can  be 
said  is  that  the  experiment  was  indeterminate.    The  grate  behavior  was  improved. 

TESTS   ON    DRIED  COALS. 

Some  of  Pennsylvania  No.  8  was  dried  and  burned  in  test  No.  242.  The  moisture  to  start 
with  was  only  about  3  per  cent  and  it  was  reduced  to  0.42  per  cent  by  drying  in  a  Bartlett 
rotary  drier  at  240°  F.  At  the  same  time  some  of  the  volatile  matter  was  driven  off,  so  that 
the  British  thermal  units  of  the  dry  coal  fell  from  about  14,800  to  14,660;  with  the  average 
boiler  efficiency  of  the  four  tests  run  on  the  coal  as  received,  the  performance  was  a  shade 
better  only,  and  on  the  whole  there  was  a  considerable  loss. 

Two  tests,  Nos.  243  and  244,  were  run  on  Ohio  No.  9  B,  dried  after  washing,  with  a  slight 
loss  of  efficiency,  not  to  speak  of  the  drying  having  reduced  the  British  thermal  units  of  the 
dry  coal  about  1.5  per  cent,  as  in  the  other  case. 

These  drying  tests  were  made  as  prelikninary  to  some  tests  to  be  run  on  dried  lignites. 

TWENTY-FOUR  HOUR   RUNS. 

It  can  be  calculated  that  from  1  to  2  per  cent  of  the  heat  generated  in  a  test  is  lost  in  heat- 
ing the  brickwork  in  the  morning,  notwithstanding  that  the  furnace  is  Bred  hard  for  two 
hours  before  starting.  To  learn  something  of  this,  some  tests  were  run  on  the  same  coals, 
starting  the  very  instant  the  preceding  ones  ended.  The  preceding  test  numbers  were  237, 
243,  and  249;  average  boiler  efficiency,  66.2  per  cent;  average  furnace  temperature, 
2,388°  F.  The  immediately  succeeding  test  numbers  were  238,  244,  and  250;  average 
boiler  efficiency,  67.3  per  cent;  average  furnace  temperature,  2,355°  F.  These  tests  show 
an  average  gain  of  1.1  per  cent,  which  is  nonconclusive.    The  research  is  being  continued. 
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By  RoBKRT  H.  Fkbnald. 


BQUTPMENT. 


In  order  that  the  work  outlined  for  1905  by  the  ga»-producer  division  of  the  fuel-testing 
plant  might  be  completed  in  the  time  allowed,  it  became  necessary  to  increase  the  capacity 
of  the  plant.  Accordingly,  a  second  producer  with  its  economizer  was  installed,  so  that 
the  plant  now  consists  of  two  independent  producers,  both  discharging  into  the  same  scrub- 
ber. These  producers  are  worked  independently,  one  being  charged  while  the  other  is  in 
operation.  By  this  arrangement  no  time  is  lost  in  changing  from  one  coal  to  another  at 
the  end  of  any  test,  us  a  simple  manipulation  of  valves  brings  the  second  producer  into 
operation  when  the  first  is  cut  out.  The  remainder  of  the  operating  portion  of  the  plant 
has  not  been  changed,  so  far  as  new  installations  are  concerned,  thou^  several  changes  in 
detail  have  been  made  from  time  to  time  as  the  nature  of  the  work  demanded.  Some  of 
these  changes  are  noted  later  in  this  report. 

Owing  to  the  fact  that  the  chemical  laboratory  originally  installed  in  connection  with 
this  division  of  the  plant  was  far  from  adequate,  a  special  building  was  erected  sufficiently 
near  the  gas  holder  and  engine  to  reduce  inaccuracies  in  gas  sampling  and  other  similar 
work  to  a  minimum  and  at  the  same  time  providing  comfortable  acconmiodations  for  the 
chemists. 

Capt.  John  A.  Laird,  a  consulting  engineer  of  St.  Louis,  who  has  been  connected  with  the 
plant  since  September,  1904,  has  continued  the  supervision  of  the  operating  detaUs  of  the 
tests  and  since  December  1,  1905,  has  also  had  active  cbaige  of  the  mechanical  operation 
of  the  producers.  Until  December  1  the  manipulation  of  the  producers  was  directed  by 
Mr.  C.  O.  Nordensson,  of  R.  D.  Wood  &  Co.,  who  remained  with  the  testing  plant  about  a 
year.  Since  the  renewal  of  operations  in  May,  1905,  Mr.  J.  P.  Quam,  of  the  Westinghouse 
Company,  has  had  supervision  of  the  operations  of  the  gas  engine.  He  has  had  as  assistant 
engineers  Messrs.  R.  E.  Peshak  and  F.  V.  Roy.  The  computations  have  been  in  chai^  of 
Mr.  W.  C.  Weidmann,  assisted  by  Mr.  Kurt  Toensfeldt.  Until  about  July  1,  1905,  the 
chemical  work  of  the  producer-gas  tests  was  directed  by  Mri  H.  G.  Ecker,  with  Messrs. 
H.  A.  Grine  and  J.  G.  Goodwin  as  assistants.  Since  that  date  Mr.Grine  has  been  head 
chemist,  with  Messrs.  J.  G.  Goodwin  and  W.  L.  Hempelmann  as  assistants.  The  observa- 
tions have  been  made  by  Messrs.  Curt  Adler,  C.  L.  Armstrong,  L.  A.  Delano,  S.  P.  Howell, 
W.  B.  licmmon,  and  Julien  Teza. 

IMPROVED  CONDITIONS  OF  TESTING. 

The  operating  conditions  from  May  1  to  December  31,  1905,  have  been  far  superior  to 
those  that  were  possible  during  the  Exposition  period  of  1904,  and  the  results  presented  in 
this  report  have  been  subjected  to  refinements  that  were  not  attainable  in  the  previous 
operation  of  the  plant.  A  comparison  of  these  figures  with  those  obtained  during  1904, 
published  in  Bulletin  No.  261  (1905)  and  Professional  Paper  No.  48  (1906)  of  the  United 
States  Geological  Survey^  will  show  the  general  increase  in  efficiency  of  manipulation  due 
to  the  improved  conditions. 

The  determination  of  the  amount  of  cxml  actually  burned  in  the  producer  for  any  given 
period  is,  at  best,  a  factor  of  more  or  less  uncertainty.    To  reduce  the  possible  error  to  a 
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minimum,  it  was  deemed  neceas&ry  to  make  the  test  on  eacb  coal  as  long  as  consistent.  A 
schedule  was  therefore  adopted  at  the  beginning  of  this  series  of  tests  involving  two  sixty- 
hour  runs  per  week.  The  first  eight  to  twelve  hours  of  each  test  period  are  used  for  getting 
the  fuel  bed  into  uniform  and  efficient  condition.  During  these  preliminary  hours  records 
are  taken  as  in  the  regular  tests,  but  the  official  test,  as  reported,  includes  only  the  last 
forty-eight  or  fifty  hours  of  the  run,  during  which  time  the  conditions  are  maintained  as 
uniform  as  possible.  Special  attention  is  being  directed  to  the  very  important  item  of . 
measurement  of  the  coal  actually  used  and  special  charts  and  checking  devices  have  been 
introduced  for  this  purpose. 

Owing  to  'the  lack  of  reliability  in  the  operation  of  the  gas  engine,  many  of  the  tests 
conducted  during  the  Elxposition  period  were  of  a  few  hours'  duration  only,  but  since  the 
present  series  of  tests  began  (May,  1005)  no  difficulty  has  been  experienced  in  starting  the 
engine  at  8  a.  m.  Monday  and  continuing  day  and  night  without  a  stop  until  8  a.  m.  Saturday. 
During  this  period  two  different  coals  are  tested,  and  the  change  of  gases  is  made  at  8  p.  m. 
Wednesday  without  stopping  the  engine. 

NUMBER  OF  TESTS  MADE. 

During  the  period  from  May  1,  1905,  to  January  1,  1906,  sixty-four  producer-gas  tests 
have  been  made.  One  of  these  tests  was  run  on  coke  breeze  and  one  on  Brazil  coal.  The 
remaining  sixty-two  were  divided  as  follows  among  different  States:  California,  three  tests 
on  lignite  and  locomotive  cinders;  Illinois,  eighteen  tests  on  coal;  Indiana,  eight  tests  on 
coal;  Kansas,  one  test  on  coal;  Kentucky,  four  tests  on  coal;  North  Dakota,  three  tests 
on  lignite;  Ohio,  seven  tests  on  coal;  Pennsylvania,  seven  tests  on  coal;  Viiginia,  four 
tests  on  coal;  West  Viiginia,  five  tests  on  coal;  Wyoming,  two  tests  on  coal. 

SPECIAL.  FEATURES  OF  THE  INVESTIGATIONS. 

The  results  of  the  majority  of  the  tests  have  been  exceedingly  gratifying,  official  records 
having  been  made  as  low  as  0.95  pound  of  dry  coal  per  hour  burned  in  the  producer  per 
electrical  horsepower  developed  at  the  switchboard,  or  0.80  pound  of  dry  coal  per  hour 
burned  in  the  producer  per  brake  horsepower,  on  the  basis  of  an  assumed  efficiency  of  85 
per  cent  for  generator  and  belt. 

Throu^out  the  tests  a  constant  effort  has  been  made  to  do  away  with  unnecessary 
appliances.  This  effort  has  furnished  valuable  and  interesting  information  and  has  centered 
attention  on  several  radical  changes  hi  the  details  of  producer-gas  plant  construction. 

It  was  found  at  an  eariy  date  that  more  or  less  sulj^ur  was  passing  the  purifier  and  enter- 
ing the  engine  cytinders.  Investi^tions  by  the  chemists  showed  that  purifiers  consisting 
of  ozidiied  iron  filings  and  shavings  are  fairly  efficient  for  coals  containing  little  sulphur — 
1  per  cent  or  less;  but  it  was  found  that  for  coak  containing  laiger  percentages  of  sulphur 
the  purifier  became  completely  exhausted  after  about  six  or  eight  hours.  Mixtures  of 
lime  and  shavings  were  tried,  but  with  little  success.  As  a  result  of  these  investigations 
the  purifier  has  been  discarded,  and  the  gas,  carrying  its  full  percentage  of  sulphur,  has 
been  chaiged  directly  into  the  engine  cylinders.  This  method  of  operating  has  been  going 
on  for  many  months,  and  no  ill  effects  have  been  discovered,  though  coal  has  been  used 
containing  as  hig^  as  8.1  per  cent  of  sulphur. 

One  feature  of  the  plant  as  installed  was  the  economizer,  used  for  preheating  the  air  for 
the  blast.  A  series  of  experiments  has  shown  no  effect  on  the  chemical  composition  of  the 
gas  or  on  the  efficiency  of  the  plant  when  air  at  ordinary  atmospheric  temperature  was 
substituted  for  preheated  air.  As  a  result  the  economizer,  as  an  economizer,  has  been 
discarded  and  the  construction  of  the  plant  again  simplified. 

Other  modifications  and  changes  are  imder  investigation  at  the  present  time,  the  most 
important  from  an  economic  standpoint  relating  to  the  utilization  of  slack  coal  in  producers. 

The  results  of  the  producer-gas  tests  will  be  found  in  the  detailed  report  on  each  sample 
presented  on  pages  5^-233. 


COKING  TESTS, 


By  A.  W.  Belden. 


EQUIPMENT. 


The  ovens  in  which  the  tests  of  the  coking  qualities  of  coals  have  been  made  are  of  the 
regular  beehive  pattern.  Of  the  battery  of  three  ovens,  two  are  of  standard  size,  12  feet 
in  diameter  and  7  feet  high;  the  third  is  12  feet  in  diameter  and  6  feet  4  inches  high. 
This  change  was  made  by  raising  the  bottom  .of  one  of  the  standard  ovens  8  inches  with 
well-tamped  loam  and  bottom  tile  of  the  usual  size.  The  object  of  this  was  to  bring  the 
charge  nearer  the  dome  of  the  oven  and  efTect  a  more  rapid  penetration  of  heat. 

For  the  first  19  tests  only  the  small  oven  was  used.  In  the  twentieth  charge  one  of 
the  7-foot  ovens  was  blown  in,  and  both  have  been  used  continuously  during  the  remainder 
of  the  work.  Owing  to  the  limited  supply  of  coal  it  has  not  been  possible  to  use  more  than 
two  ovens.  Both  of  these  ovens  may  therefore  be  considered  as  end  ovens,  which  by  some 
are  supposed  to  yield  results  less  favorable  than  those  from  ovens  located  between  other 
heated  ovens;  though,  were  this  supposition  correct,  the  difference  would  be  fully  balanced 
by  the  greater  care  bestowed  on  these  experimental  ovens  as  compared  with  ovens  operated 
under  normal  conditions.  Since  both  of  the  ovens  used  are,  in  the  sense  indicated,  end 
ovens,  the  results  obtained  in  each  are  comparable  one  with  the  other. 

In  charging  the  ovens  for  the  first  nineteen  tests  the  larry  used  held  less  than  1  ton.  This 
necessitated  the  filling  and  emptying  of  the  larry  six  to  eight  times  before  the  charge  was 
completed.  Each  portion  thus  became  hot  and  began  to  gas,  invariably,  and  often  to 
blaze,  before  the  next  portion  of  the  charge  was  added.  This  unfortunate  state  of  affairs 
is  believed  to  be  responsible,  at  least  in  some  measure,  for  cross  lamination  and  cross  break- 
age of  the  coke,  in  many  of  these  tests  layers  of  coal  as  charged  showing  plainly  in  each 
oven  drawn.  The  average  time  of  charging  with  this  device  was  about  one  hour;  the  whole 
charge  should  be  put  in  at  once  and  as  rapidly  as  possible. 

After  the  nineteenth  charge  a  standard-size  larry,  kindly  loaned  by  the  H.  C.  Frick  Coke 
Company,  was  installed  and  this  lamination  and  cross  breakage  disappeared,  while  the  time 
of  charging  was  reduced  to  an  average  of  seven  minutes. 

PERSONXEL. 

The  writer  took  charge  of  this  work  in  May,  succeeding  Mr.  Fred.  W.  Stammler,  of  Johns- 
town, Pa.  He  was  assisted  by  Mr.  W.  E.  Vickers,  of  Pocahontas,  Va.,  to  whom  in  large 
measure  is  due  whatever  success  has  been  accomplished  during  these  investigations. 

PROCEDURE  OF  TESTS. 

All  coal  was  finely  crushed  through  a  Williams  mill  unless  otherwise  requested  and  these 
exceptions  are  noted  in  the  subjoined  detailed  report  (pp.  5^233).  The  coals  marked  "  not 
crushed"  were,  when  unloaded  from  the  cars,  put  through  rolls  having  an  aperture  of  IJ 
inches.    The  coals  put  through  the  Williams  mill  will  practically  all  pass  through  a  10-mesh 
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The  ovens  were  always  closed,  both  door  and  trunnel  head,  directly  after  being  drawn, 
and  allowed  to  gather  heat,  the  length  of  time  varying  as  necessity  demanded.  The  aveiv 
age  time  was  one  hour  and  a  half. 

The  sample  of  coal  was  taken  at  regular  intervals  as  the  charge  was  emptied  from  bin 
to  larry,  using  a  small  shovel  holding  about  a  quarter  of  a  pound;  the  total  weight  of  the 
sample  averaged  45  pounds. 

The  sample  of  coke  was  taken  from  five  different  parts  of  the  oven,  as  nearly  as  possible 
from  the  same  location  for  each  test:  One  piece  2  feet  from  the  oven  door;  one  2  feet  from 
each  side,  on  a  line  drawn  from  the  center  of  the  oven;  one  from  the  center,  and  one  2  feet 
from  the  back  wall,  on  a  line  with  the  point  of  selection  of  the  pieces  taken  from  the  door 
and  the  center.  The  separate  pieces  of  coke  extended  the  whole  height  of  the  charge,  and 
were  as  nearly  uniform  in  size  as  possible. 

In  beginning  the  series  of  tests  the  first  chaiges  showed  a  rather  large  percentage  of 
breeze,  this  being  before  the  ovens  were  fully  seasoned,  and  black  butts  due  to  cold  bottom 
were  produced.  It  was  unfortunate  that  these  first  tests  should  have  been  on  supposedly 
noncoking  coals,  as  the  condition  of  the  oven  did  not  permit  it  to  give  as  effective  service 
as  would  probably  have  been  the  case  under  other  and  more  favorable  circumstances. 

KXTENT  OF  TESTS. 

In  the  scope  of  this  report,  covering  the  period  from  July  7  to  December  20,  are  included 
results  from  94  tests  of  46  coals  from  9  different  States,  as  follows:  Illinois,  5;  Indiana,  7; 
Kentucky,  4;  Maryland,  1;  Ohio,  9;  Pennsylvania,  6;  Virginia,  4;  West  Virginia,  9; 
Wyoming,  1.  Of  these  tests,  60  were  of  raw  coal,  32  of  washed  coal,  1  of  raw  coal  with  the 
addition  of  pitch,  and  1  of  washed  coal  with  the  addition  of  pitch. 

Of  the  46  different  coals,  six  produced  no  coke,  viz,  Illinois  No.  16  and  No.  19,  Indiana 
No.  3,  Ohio  No.  3,  Maryland  No.  1,  and  Wyoming  No.  3.  No  coke  was  obtained  from  Illi- 
nois No.  16  owing  to  an  accident  to  the  larry;  the  test  was  discontinued.  Maryland  No.  1 
was  coked  by  the  addition  of  10  per  cent  pitch  to  washed  coal.  Wyoming  No.  3  is  a  lignite. 
Four  tests  were  made  on  Pennsylvania  No.  9;  two  gave  only  a  few  pieces  of  coke,  a  third 
produced  coke  of  inferior  quality,  and  the  fourth,  with  the  addition  of  5  per  cent  pitch  to 
raw  coal,  produced  coke,  but  of  no  better  quality  than  that  from  washed  coal. 

The  results  of  the  coking  tests  will  be  found  in  the  detailed  report  on  each  sample,  pre- 
sented on  pages  53-233. 

FURTHER  TESTS. 

It  is  intended  to  experiment  further  with  the  addition  of  volatile  hydrocarbons  to  non- 
coking  coals  and  coals  producing  an  inferior  grade  of  coke.  Conclusions  from  these  experi- 
ments will  be  incorporated  in  a  later  and  more  complete  report. 


BRIQUETTING  TESTS, 


By  J.  A.  Holmes. 


CHANGES  IN  EQUIPMENT. 

'Hie  briquette  machine  used  in  the  larger  part  of  the  testing  work  during  1905  was  the 
one  built  by  Wm.  Johnson  &  Sons,  of  Leeds,  E^land,  referred  to  in  the  reports  of  this 
work  for  1904.a  The  American  machine  referred  to  in  the  same  report  was  returned  to  the 
owners  at  the  end  of  1904.  Briquettes  made  on  the  E^nglish  machine  during  1904  meas- 
ured 4}  by  6}  by  5}  inches  and  averaged  in  weight  6.8  pounds.  To  obtain  a  briquette 
that  would  more  nearly  fulfill  the  requirements  of  domestic  use  and  of  stationary  and  loco- 
motive boiler  practice,  it  was  thought  advisable  to  reduce  the  size.  To  this  end  the  mold 
wheel  on  the  machine  was  planed  down  so  as  to  make  a  briquette  2)  inches  (instead  of  5) 
inches)  in  thickness,  the  other  dimensions  remaining  the  same.  By  adjusting  the  machine 
to  meet  this  change  it  was  possible  to  make  satisfactory  briquettes  weighing  about  3) 
poimds,  and  these  were  used  in  the  tests  mentioned  below. 

With  a  view  to  obtaining  a  greater  range  in  the  size  of  the  crushed  fuel  for  the  briquettes, 
a  series  of  pulleys  was  installed  on  the  driving  and  driven  shafts  operating  the  disintegrator, 
giving  approximately  80, 05,  and  50  per  cent  of  its  original  speed.  The  necessary  improve- 
ments were  also  made  in  the  construction  of  this  machine,  such  as  a  wider  driving  belt, 
extension  of  the  elevator  feeding  the  pug  mill,  proper  drainage  for  the  exhaust  pipe,  jack- 
eting steam  pipes,  etc.  By  these  improvements  easier  and  more  continuous  operation 
was  secured. 

To  determine  with  a  fair  degree  of  accuracy  the  percentage  of  binder  being  used  with  each 
fuel  in  the  English  briquetting  machine,  a  gate  was  placed  at  the  point  where  the  small 
screw  conveyor  discharges  the  pitch  into  the  mixing  screw  conveyor  containing  the  coal. 
The  percentage  of  binder  was  determined  by  weighing  coal  and  binder,  and,  by  experiment, 
the  proper  opening  of  the  gate  for  each  percentage  of  binder  was  determined. 

PERSONNEL. 

Mr.  C.  T.  Malcolmson,  the  mechanical  engineer  in  charge  of  the  general  work  about  the 
fuel-testing  plant,  has  made  the  alterations  in  the  briquetting  equipment  mentioned  above 
and  has  also  conducted  the  tests  made  on  the  English  briquette  ma<.'hine.  Prof.  A.  A. 
Steel,  of  the  University  of  Arkansas,  who  superintended  this  work  during  1904,  has  aided 
in  the  tests  of  1905  in  an  advisory  capacity.  Dr.  J.  E.  Mills,  of  the  University  of  North 
Carolina,  who  served  as  chemist  of  this  division  from  May  1  to  October  6,  1905,  conducted 
a  series  of  laboratory  experiments  on  the  relative  merits  of  different  binding  materials 
referred  to  in  the  following  section. 


oBuJl.  U.  8.  Geol.  Survey  No.  261, 1905,  p.  13;  Prof.  Paper  U.  S.  Geol.  Survey  No.  48, 1906,  p.  25. 
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LABORATORY  IXVESTIGATION8. 

In  the  laboratory  investigations  by  Dr.  J.  E.  Mills  the  substances  named  below  were 
tested  as  binding  materials  in  the  manufacture  of  briquettes,  both  as  to  the  possibility  of 
their  being  used  with  the  different  varieties  of  bituminous  coal  and  as  to  the  percentage 
of  each  binder  yielding  the  best  results  with  each  coal.  The  substances  tested  in  this  con- 
nection were  as  follows: 


IMOBQANIC  BINDERS. 


Clay. 
Lime. 
MAgnesla. 

Macroeala  cement  (magneaium  oxide  and  magne- 
siom  chloride). 


Plaster  of  Paris. 
Portland  cement. 
Natural  cement. 
Slag  cement. 
Water  glass. 


OEOANIC  BINDKES. 


A,  Wood  producti. 


Rosin. 

Pitch  (rosin  and  tar). 
Pine-wood  tar. 
Hard-wood  tar. 


Beet  pulp. 
Lime  cake. 


Com  Btatch. 


Blast-furnaoe  tar. 
Produoer-gas  tar. 
llluminating-gas  tar  (from  coal). 


Impsonite. 
Qilsonite. 
Maltha. 
Refined  Trinidad. 


Crude  oil. 

Residuum  (asphalts,  etc.). 
Water-gas  tar. 
Water-gas  tar  pitch. 
Wax  tailings. 


Douglas-fir  tar. 

Wood  pulp. 

Sulphite  liquor  (from  paper  mills.) 


B.  Sugar-factory  residues. 

I  Beet-sugar  molasses. 
I  CSane-augar  molasses. 

C.  Starch, 

I  Potato  starch. 

D.  Slaughterhouse  re/use, 

E.  Tan  and  pitches  from  coal. 

By-product  coke-oven  tar. 

Coal-tar  creosote. 

Various  grades  of  pitches  from  various  tars. 

F.  Natural  asphalts. 

Refined  Bermuda. 

Hard  and  refined  or  gum  (from  Impregnated 
sandstone,  etc.)- 


O.  Petroleum  products. 


Acid  sludge. 
Asphalt  tar. 
Pintsch-gas  tac 
Pittsburg  flux. 


These  investigations  related  not  only  to  the  nature  and  the  amount  of  the  binder  neces- 
sary for  making  satisfactory  briquettes  with  each  of  the  several  coals  tested,  but  also  to 
the  extent  to  which  the  binding  quality  of  certain  of.  these  materials  might  be  improved 
by  the  admixture  of  another  binding  material  or  another  variety  of  coal. 

Unless  otherwise  stated,  20  grams  of  each  coal  to  be  tested  were  weighed  out  and  mixed 
with  the  different  percentages  of  the  binding  material  and  placed  in  a  Battersea  crucible. 
A  small  amount  of  water  was  then  added  and  the  mixture  heated  with  sufficient  stirring 
to  thoroughly  mix  the  binder  and  coal  until  steam  came  off  freely  and  only  a  small  amount 
of  water  was  left  in  the  coal.  The  mixture  while  still  hot  was  pressed  in  a  small  laboratory 
band  press,  on  which  a  pressure  of  3,500  to  4,000  pounds  per  square  inch  was  obtained. 
Each  briquette  weighed  approximately  5  grams. 
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TESTS  OF  BINDING  MATERIALS. 

There  is  need  for  much  additional  investigation  on  a  larger  scale  before  definite  results 
can  be  stated  concerning  the  several  possible  binding  materials  for  briquette  manufacture; 
but  the  examinations  made  by  Doctor  Mills  developed  certain  results  which  are  at  least 


The  use  of  inorganic  binding  materials  such  as  those  mentioned  above  is  not  likely  to 
prove  practicable  under  any  ordinary  conditions,  except  that  in  the  case  of  noncoking 
coals,  when  coking  coals  can  not  be  obtained  to  mix  with  them,  a  small  percentage  of 
certain  of  these  materials  (such  as  magnesium  oxide  or  carbonate,  plaster  of  Paris,  etc.), 
if  added  to  other  binding  materials,  may  cause  the  briquettes  to  hold  together  better,  in 
the  fire  and  hence  undergo  more  complete  combustion.  It  was  not  expected  that  all  of 
these  substances  could  be  successfully  used  as  binding  materials  in  the  manufacture  of 
briquettes;  nevertheless  it  was  believed  that  an  examination  of  each  substance  as  to  its 
adaptability  for  this  purpose  might  throw  some  light  on  the  general  problem  under  con- 
sideration. 

Of  the  more  specific  results  in  the  testing  of  different  binding  materials,  the  following 
tentative  statements  are  made,  pending  further  investigations: 

The  use  of  clay,  lime,  and  cements  as  binding  materials  was  found  entirely  imsatisfac- 
tory,  for  the  reason  that  they  add  largely  to  the  ash  constituent  of  the  briquette.  The 
briquettes  made  with  these  materials  as  bond  went  to  pieces  on  exposure  to  water  and 
weather  and  their  waterproofing  by  soaking  in  oils,  etc.,  was  found  difficult  and  expensive. 
Water  glass  (or  soda  silicate)  was  also  found  to  be  unsuitable  for  use  in  this  connection. 

From  4  to  6  per  cent  of  magnesium  oxide  used  as  a  binder  was  found  to  hold  the  bri- 
quettes together  satisfactorily  in  dry  weather  and  in  the  fire,  but  they  disintegrated  on 
exposure  to  rainy  weather  or  when  immersed  in  water. 

In  the  tests  with  plaster  of  Paris,  from  2  to  12  per  cent  of  this  material  being  used  as  a 
binder,  the  briquettes  made  were  hard  but  brittle,  and  quickly  disintegrated  on  exposure 
to  moisture.  Three  per  cent  of  magnesia  mixed  with  6  to  8  per  cent  of  water-gas  tar  pitch 
seemed  to  make  a  stronger  briquette  than  the  same  percentage  of  pitch  used  alone;  but 
the  improvement  in  the  quality  of  the  briquette  is  not  considered  sufficient  to  cover  the 
additional  cost  of  the  magnesia  and  the  additional  percentage  of  ash  which  it  brings  into 
the  briquette.    Furthermore,  this  addition  of  sulphur  to  the  coal  is  undesirable. 

None  of  the  sugar-factory  residues,  namely,  beet  pulp,  lime  cake,  beet-sugar  molasses, 
and  cane-sugar  molasses,  were  considered  satisfactory  as  binding  materials,  for  the  reason 
that  the  briquettes  made  with  them  disintegrate  on  exposure  to  the  weather,  and  no  inex- 
pensive waterproofing  has  as  yet  proved  satisfactory  on  a  commercial  scale. 

Nor  were  any  of  the  wood  products,  including  rosin,  pitch,  pine-wood  tar,  hard-wood 
tar,  Douglas-fir  tar,  wood  pulp,  and  sulphite  liquor  from  paper  mills,  when  used  alone 
regarded  as  satisfactory,  though  some  of  these  materials  used  in  combination  with  other 
binders  gave  results  of  some  promise,  and  deserve  further  investigation. 

The  tests  made  using  from  0.5  to  3  per  cent  of  starch  as  a  binding  material  with  different 
coals  gave  briquettes  which  were  strong,  were  smokeless  in  burning,  and  held  together  in 
the  fire  imtil  completely  consumed;  but  these  briquettes  wont  to  pieces  when  wet  or  exposed 
to  the  weather  for  a  considerable  period  of  time.  Experiments  as  to  the  possibility  of 
cheaply  waterproofing  the  briquettes  bound  with  starch,  so  as  to  make  them  hold  together 
when  exposed  to  water,  were  sufficiently  successful  to  warrant  further  investigation  in 
this  direction.  Starch  is  obtainable  in  large  quantities  and  can  be  easily  produced  in 
almost  any  part  of  the  country.  In  its  crude  form  it  can  probably  be  obtained  at  a  price 
less  than  $20  per  ton.  At  this  price,  the  use  of  1  per  cent  of  starch  as  a  binder  would  add 
only  20  cents  per  ton  to  the  cost  of  the  briquettes. 

The  scarcity  and  high  pric^  of  slaughterhouse  refuse  would  prohibit  its  use  as  a  binding 
material  for  briquettes,  even  if  the  tests  with  it  were  otherwise  satisfactory,  which  was  not 
the  case. 
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The  testo  with  coal  tars  and  the  different  grades  of  pitch  made  from  these  tars  indicate 
that  probablj  in  the  pitches  the  most  satisfactory  binders  for  the  manufacture  of  briquettes 
will  be  found;  and  that  these  can  be  made  at  such  a  price  as  will  bring  the  cost  of  the  bind- 
ing material  used  to  not  more  than  50  to  75  cents  per  ton  of  briquettes.  Briquettes  made 
from  a  majority  of  the  bituminous  coals  with  a  good  grade  of  pitch  as  a  binder  are  suffi- 
ciently strong  to  bear  ordinary  handling;  they  will  stand  exposure  to  the  weather  for  a 
number  of  years  without  serious  deterioration;  and  they  bum  well  in  the  fire.  The  supply 
of  pitch  is  already  large  and  can  be  easily  increased.  The  price  now  ranges  from  $9  to  $11 
per  ton.  The  pitches  obtained  from  different  plants  and  those  obtained  at  different  times 
from  the  same  plant  varied  considerably,  not  only  in  their  boiling  points  but  in  other 
respects;  and  in  the  case  of  similar  pitches  the  percentage  necessary  for  the  proper  work- 
ing of  different  coals  seemed  to  vary  according  to  diflferences  in  the  quality  of  the  coals. 
It  was  found  to  be  better  to  mix  with  a  nonci  king  coal  10  to  20  per  cent  of  a  coking  coal, 
rather  than  to  increase  the  percentage  of  pitch.  * 

In  the  investigation  of  the  asphalts  as  binding  materials,  impsonite  from  Indian  Terri- 
tory was  found  to  be  rather  unsatisfactory,  though  in  a  number  of  tests  with  noncoking 
coals  the  result  was  improved  by  the  addition  to  such  coal  of  from  5  to  10  per  cent  of 
impsonite  in  addition  to  from  3  to  5  per  cent  of  ordinary  pitch  or  some  other  binding 
material.  From  4  to  8  per  cent  of  gUsonite  and  other  asphalts  from  Utah  gave  fairly 
satisfaotory.  results  as  a  binder.  This  material  is  said  to  exist  in  Utah  and  elsewhere  in 
laige  quantities,  and  while  the  price  is  at  present  too  high  to  permit  its  extensive  use  as  a 
binder,  doubtless  should  the  demand  for  it  in  this  connection  increase  the  deposits  would 
be  opened  up  to  such  an  extent  that  it  might  be  sold  at  lower  prices. 

Experiments  were  made  with  several  other  asphaltic  materials,  and  though  the  results 
were  such  as  to  warrant  further  investigation  they  were  not  altogether  satisfactory.  As- 
phaltic tar  yielded  fairly  good  results  as  a  waterproofing  material  in  briquettes  ^lade  with 
starch.    Asphaltic  materials  yielded  the  best  results  in  waterproofing. 

From  4  to  6  per  cent  of  maltha  (a  liquid  asphalt)  used  as  a  binder  yielded  fairly  satis- 
factory results  with  coking  coals.  With  noncoking  coals  it  was  found  to  be  insufficient  for 
the  purpose. 

Crude  petroleums  have  been  tested  as  binding  materials,  with  satisfactory  results.  The 
asphaltic  petroleums  were  used  successfully  in  waterproofing  briquettes  made  with  a 
starch  binder,  thou^  it  is  doubtful  whether  this  practice  would  prove  entirely  satisfactory 
in  operations  on  a  conmiercial  scale.  In  the  tests  the  success  of  the  waterproofing  was 
fairly  proportional  to  the  amo\mt  of  asphaltic  material  in  the  petroleimi.  As  a  binding 
material  the  asphaltic  petroleimi  proved  even  more  successful  than  when  used  for  water- 
proofing purposes,  from  6  to  8  per  cent  being  entirely  satisfactory. 

•  The  petroleum  residuums  proved  to  be  successful  binding  materials  somewhat  in  pro- 
portion as  the  per  cent  of  asphalt  in  them  increased.  That  obtained  from  the  Gulf  Refin- 
ing Company,  of  Port  Arthur,  Tex.,  was  found  tp  melt  at  a  temperature  of  100^  C,  and 
about  99.38  per  cent  of  it  was  found  to  be  soluble  in  carbon  disulphlde.  Another  sample 
of  asphaltic  petroleum  from  the  Gulf  Refining  Company  flowed  at  a  temperature  of  95°  C. 
and  of  this  it  was  foimd  that  carbon  disulphide  would  dissolve  99.88  per  cent.  From  4  to 
6  per  cent  of  this  material  gave  excellent  results  as  a  binder  for  briquettes. 

Water^as  tar,  which  is  obtained  from  illuminating-gas  plants,  was  not  tested  sufficiently 
to  give  satisfactory  results,  but  it  is  believed  that  this  material  could  be  used  as  a  binder 
if  properly  mixed  with  other  somewhat  similar  materials.  It  is  necessary,  after  this 
material  is  mixed  with  the  coal,  that  the  mixture  should  be  raised  to  a  sufficiently  high 
temperature  to  liquefy  and  perhaps  even  to  vaporize  the  tar. 

The  water^as  pitch  which  was  furnished  by  the  Barrett  Manufacturing  Company  flowed 
at  a  temperature  of  92**  C.  It  was  found  that  4J  to  7  per  cent  of  this  pitch,  which  would 
be  equivalent  to  from  6  to  8  per  cent  of  coal-tar  pitch,  would  make  satisfactory  briquettes. 
■  The  cost  of  this  binder  would  be  from  45  to  65  cents  per  ton  of  briquettes. 
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The  wax  tailings  used  in  these  investigations  were  obtained  from  the  Standard  OQ  Com- 
pany. They  melt  at  a  temperature  of  about  70°  C.  From  4  to  6  per  cent  of  this  material 
would  prove  satisfactory  in  the  briquettes.  The  amoimt  of  this  material  produced  in  the 
United  States  is  small  and  the  price  is  about  6  cents  per  gallon.  Tliis  would  make  the 
binding  material  used  in  a  ton  of  briquettes  cost  approximately  45  to  60  cents. 

Tests  made  with  acid  sludge  as  a  binder  were  not  satis&ctofy.  It  not  only  added  the 
imwelcome  sulphur,  but  its  binding  qualities  were  very  inferior. 

Asphalt  tar  was  foimd  unsatisfactory  as  a  binder  even  when  8  to  12  per  cent  was  uaed, 
inasmuch  as  the  briquettes  fell  to  pieces  in  the  fire;  but  its  use  for  waterproofing  vrhea 
starch  or  other  material  had  been  used  as  a  binder  proved  fairiy  satisfactory. 

Pintsch-gas  tar,  produced  by  heating  petroleum  oil  in  iron  retorts  at  a  high  temperature, 
was  obtainable  in  so  small  a  quantity  that  only  preliminary  tests  were  made  covering  its 
use  as  a  binder  and  these  were  only  partially  satisfactory. 

RSQUISITBS  FOR  BINDING  MATERIALS. 

'Hie  results  of  the  investigations  in  the  laboratory  of  the  fuel-testing  plant  and  the 
writer's  observations  in  briquetting  plants  in  other  countries  point  to  certain  general  con- 
clusions concerning  the  requisites  of  satisfactory  binding  materials  for  use  in  the  manu- 
facture of  briquettes. 

In  the  making  of  coal  briquettes  the  binding  work  is  best  performed  ^fdien  the  particles 
of  coal  are  coated  and  when  the  void  spaces  are  filled  with  the  binding  material.  This  is 
best  accomplished  when  the  temperature  of  the  mixture  before  compression  is  raised  suf- 
ficiently to  liquefy  or  vaporize  the  binder. 

The  relation  between  the  coal  and  the  binder  seems  to  be  physical  rather  than  chemical, 
ihough  it  is  possible  that  certain  mipor  chemical  changes  may  accompany  the  briquetting 
operation. 

The  amount  of  the  binding  material  necessary  will  therefore  depend  on  the  aggregate 
of  the  surfaces  of  the  coal  particles  to  be  coated,  on  the  void  spaces  to  be  filled,  and  on 
the  general  physical  and  chemical  character  of  the  coal.  Coking  coak  require  leas  binder 
than  noncoking  coals,  and  the  percentage  of  binder  necessary  for  the  latter  coals  may,  in 
many  cases,  be  diminished  and  the  quality  of  the  briquette  otherwise  improved  by  the 
previous  admixture  vrith  them  of  from  10  to  20  per  cent  of  some  coking  coal. 

Furthermore,  when  a  coal  is  finely  pulverized,  a  result  which  frequently  follows  pro- 
tracted slacking  on  exposure  to  the  weather,  the  briquetting  of  such  material  is  facilitated 
by  the  mixture  of  a  considerable  percentage  of  the  same  or  another  coal — ^preferably  a 
nonslacking  coal — crushed  to  sizes  ranging  from  one-sixteenth  inch  to  one-fourth  inch. 

The  following  are  mentioned  as  the  more  important  requisites  of  a  suitable  binding 
maierial  for  use  in  the  manufacture  of  briquettes: 

(1)  It  must  be  inexpensive,  because  of  the  small  difference  tn  the  United  States  between 
the  prices  of  slack  or  fine  coal  and  those  of  lump  coal.  Thb  difference  in  some  regions  is 
praciically  nothing,  as  in  the  Pocahontas  coal  fields  of  West  Virginia;  while  in  a  number 
of  other  fields,  as  in  portions  of  Indiana,  Illinois,  Arkansas,  etc.,  it  may  reach  $1  or  even 
$1.50  a  ton. 

(2)  It  should  be  capable  of  abundant  production  in  different  parts  of  the  oountiy,  in 
order  to  avoid  the  necessity  for  long  transportation. 

(3)  It  should  be  of  such  character  as  to  make  it  easily  handled  and  applied  at  workable 
temperatures.  If  it  is  used  in  solid  condition,  as  in  the  case  of  pitch,  the  melting  point 
should  not  be  lower  than  the  temperature  of  hot  summer  days,  nor  ordinarily  above  that 
of  live  steam. 

(4)  It  should  hold  the  briquette  together  strongly,  not  only  during  ordinary  handling 
and  transportation,  but  also  during  protracted  exposure  to  the  weather  and  while  burning. 
Certain  materials,  like  starch  and  molasses,  yield  fairly  satisfactory  results  as  long  as  the 
briquettes  are  kept  dry  and  during  their  consumption  by  fire;  but  as  these  materials  are 
soluble  in  water,  the  briquettes  in  which  they  are  used  as  a  binder  go  to  pieces  under  the 


BMQUETTINO   TESTS. 


45 


action  of  wa'.er  unless  rendered  waterproof  through  the  application  of  other  suhstances. 
On  the  other  hand  some  briquettes  which  remain  firm  under  the  action  of  water  crumble 
when  heated  because  of  the  fact  that  the  binding  material  used  volatilizes  at  a  low  tempera- 
ture. Even  in  the  coking  coals  the  binder  should  hold  the  particles  together  at  least  until 
the  cx>al  itself  is  sufficiently  softened  to  cohere  and  begin  burning. 

(5)  It  should  not  add  i^preciably  to  the  ash  of  the  coal  nor  increase  the  clinker  forma- 
tion in  the  ash.  It  should  not  give  off  fumes  nor  seriously  increase  the  smoke  in  the  burning 
of  the  briquettes.  It  i^-gBDerally  claimed  that  owing  to  the  more  perfect  combustion  in 
burning  briquettes,  lees  maoke  is  produced  from  the  coal  and  binder  together  than  is  given 
off  from  the  consumptioQ  of  the  unbriquetted  or  natural  coal.  Binding  materials  which 
have  a  low  melting  or  boiling  temperature  give  off  more  smoke  because  of  the  fact  that 
this  smoke  originates  at  a  temperature  too  low  for  complete  combustion.  Briquettes,  as 
in  the  case  of  lump  coal,  give  off  less  smoke  when  the  arrangements  for  proper  draft  are 
such  as  to  facilitate  combustion. 

(6)  The  binding  material  should  increase,  or  certainly  should  not  decrease,  the  heating 
quality  of  the  coal  which  is  used  in  the  manufacture  of  the  briquettes. 


BBIQITBTTING  WITHOUT  THK  USE  OF  BINDING  MATERIALS. 

In  August,  1904,  under  the  writer's  supervision,  samples  of  lignite  from  Lehigh,  N.  Dak., 
and  from  near  Rockdale,  Tex.,  were  shipped  to  Magdeburg  and  Zeitz,  Germany,  to  be  used 
for  experiments  to  determine  the  feasibility  of  briquetting  these  lignites  with  the  German 
presses.  These  tests  were  eonducted  by  the  writer.  They  were  entirely  successful  and 
the  briquettes  made  with  these  lignites,  after  being  crushed  and  dried,  subsequently  stood 
the  testa  applied  to  the  German  lignite  briquettes,  which  are  extensively  used  for  domes'  ic 
purposes. 

To  a  portion  of  the  briquettes  made  at  Magdeburg  2  per  cent  of  ordinaiy  coal-tar  piU;h 
was  added,  with  the  view  of  determining  what,  if  any,  advantage  would  result  from  such 
an  addition.  Laboratory  cests  indicated  that  the  briquettes  to  which  this  pitch  had  been 
added  burned  more  rapidly,  with  more  flame,  and  at  a  hi^er  heat  efficiency  than  those 
without  it,  and  the  North  Dakota  lignite  seemed  to  give  off  fewer  sparks  in  burning.  It 
is  estimated  that  the  cost  of  manufacturing  these  briquettes  (not  including  the  cost  of  the 
lignite)  should  not  exceed  50  cents  per  ton.  The  analyses  of  the  lignite  briquettes  made 
at  Magdeburg  are  as  follows: 

Analyses  ofUgniJte  hriqueUes  made  al  Magdeburg  ^  Otrmany. 

[Dried  before  briquetting.] 


Moistare 

Volatile  matter 

Fixed  carbon 

jAsh 

jsulphur 

Hydrogen 

J      Carbon 

Nitrogen 

Oxygen 

Calories 

British  thermal  units 

Ifoisture  In  ondried  sample  of  lignite  as  received  at 
Magdebaig 


From  Lehigh,  N.  Dak. 


Without 

pitch  or 

other 

binder. 


12.96 
37.79 
38.63 
ia62 

.76 
4.99 
52.88 

.65 
30.11 
4,941 
8,804 


With 

2  per  cent 

of  pitch 

aaded. 


11.22 

38.68 

41.11 

8.99 

1.04 

&09 

56.26 

.73 

27.89 

5,332 

9,5d8 


28.87 


From  Rockdale,  Tex. 


Without 

pitch  or 

other 

binder. 


8.88 
40.92 
41.90 

8.30 
.97 

5.21 
59.06 

1.15 
25.31 
5,682 
10,228 


With 

2  per  cent 

of  pitch 

added. 


8.92 

41.33 

42.35 

7.40 

1.07 

5.23 

50.61 

1.14 

25.55 

5.828 

10,490 
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It  {s  proposed  to  continue  these  investigations  of  the  lignites  until  results  are  obtained 
which  will  show  how  they  can  be  briquetted  economically  in  the  manner  indicated  above 
and,  in  general,  how  they  can  be  utilized  most  efficiently. 

Concerning  the  possibility  of  briquetting  bituminous  coals  without  binding  materials, 
by  raising  the  temperature,  and  also  concerning  the  possibility  of  decreasing  the  per- 
centage of  binding  material  by  raising  the  te^nperature  of  the  coals  preliminary  to  bri- 
quetting, a  number  of  tests  were  made  by  Doctor  Mills  in  the  laboratory  of  the  fuel-testing 
plant  at  St.  Louis,  but  the  results  in  each  case  were  unsatisfactoiy,  as  they  failed  to  indi- 
cate the  probability  of  economic  success  in  that  direction. 

SOME  GENERAL  CONCLUSIONS. 

The  successful  development  of  a  coal-briquetting  industry  in  the  United  States  will 
depend  on  a  number  of  conditions,  some  of  which  are  variable. 

The  condition  which  more  than  any  other  has  prevented  the  development  of  such  an 
industry  in  this  country  is  the  low  price  of  bituminous  coal  and  especially  the  small  difference 
between  the  price  of  the  lump  coal  and  that  of  the  slack,  or  fine  coal.  Especially  is  tills  latter 
phase  of  the  problem  illustrated  by  the  coking  coals  of  Pennsylvania  and  West  Virginia, 
where  much  of  the  slack  coal  commands  a  price  equal  to  or  approximating  that  of  the 
lump  coal.  Much  of  the  lump  coal  is  finally  crushed  before  being  manufactured  into  coke, 
and  the  slack  coal  even  has  the  advantage  in  not  having  to  be  crushed.  Furthermore, 
even  where  these  coals  are  not  used  for  the  manufacture  of  coke,  but  are  sold  for  general 
power  purposes,  much  of  the  fine  coal  can  be  shipped  and  burned  with  the  lump  coal,  for 
the  reason  that  it  fuses  as  soon  as  it  begins  to  bum,  and  therefore  does  not  to  any  serious 
extent  sift  down  through  the  grate  bars  and  either  clog  the  draft  or  escape  vrith  the  ashes, 
as  is  the  case  with  noncoking  coals. 

In  the  territory  of  the  noncoking  coals  the  demand  for  the  slack  coal  is  not  so  great,  and  it 
can  in  some  places  be  bought  al  less  than  50  cents  per  ton ;  while  at  a  number  of  mines 
large  quantities  are  thrown  on  the  dump  as  waste,  frequently  being  burned  in  order  to 
get  rid  of  it. 

Perhaps  in  no  country  has  specialized  equipment  for  burning  fine  coal  been  carried  so  far  as 
it  has  in  the  United  States,  but  the  results  of  a  number  of  tests  by  engineers  seem  to  indi- 
cate that  with  the  noncoking  coals  the  use  of  the  finely  powdered  coal,  even  in  the  modem 
furnace,  is  a  disadvantage  rather  than  a  gain,  for  the  reason  that  this  fine  material  sifts 
through  onto  the  grates,  is  ultimately  lost  with  the  ashes,  and  meanwhile  prevents  a  full 
draft,  which  is  essential  to  rapid  and  complete  combustion.  This  is,  therefore,  one  class  of 
material  which  should  be  separated  from  the  coarser  coals  and  made  into  briquettes, 
provided  the  price  at  which  these  briquettes  can  be  sold  is  sufficient  to  more  than  cover 
the  cost  of  manufacture. 

With  anthracite  and  semianthracite  coals  the  difference  between  the  price  of  the  lump 
coal  and  that  of  the  slack  is  often  more  than  sufficient  to  cover  the  cost  of  manufacturing 
briquettes,  and  in  such  cases  there  can  be  no  question  as  to  the  possibility  of  establishing 
a  briquetting  industry  as  soon  as  the  proper  binding  material  and  briquetting  equipment 
can  be  provided. 

There  are  still  other  cases  in  which  it  is  claimed  that  the  difference  between  the  prices 
of  the  lump  coal  and  of  the  slack  are  either  just  sufficient,  or  scarcely  sufficient,  to  cover 
the  cost  of  briquette  manufacture,  but  the  fact  that  the  briquettes  made  from  this  material 
present  certain  advantages  over  the  lump  coal  make  them  command  a  sufficiently  higher 
price  to  provide  a  margin  of  profit. 

Unfortunately  the  high  cost  of  the  pitch  which  is  generally  used  as  a  binding  material 

-  is  one  of  the  barriers  now  existing  in  the  way  of  the  development  of  this  industry.    One 

of  the  purposes  of  the  present  investigation  is  to  discover,  if  possible,  some  cheaper  binding 

material,  and  the  outlook  in  that  direction  is  encouraging.    The  cost  of  manufacturing 

briquettes  m  France,  Germany,  Belgium,  and  England,  including  all  necessary  items 
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except  that  of  the  coal  and  biDding  material,  is  estimated  to  range  from  25  to  50  cents  per 
ton,  varying  with  the  local  conditions. 

Where  pitch  is  used  as  a  binder,  as  is  almost  universally  the  case  in  each  of  these  countries, 
its  cost  for  a  ton  of  briquettes  may  be  said  to  range  from  50  to  80  cents.  How  far  this  cost 
may  be  reduced  by  the  use  on  a  commercial  scale  of  cheaper  binders  remains  to  be  seen. 

The  most  favorable  outlook  for  the  development  of  this  industry  in  the  United  States  is 
in  connection  with  the  use  of  briquettes  in  locomotives  and  in  domestic  furnaces  and  stoves. 
It  can  hardly  be  expected  that,  at  anything  approximating  existing  prices,  briquettes  can 
be  manufactured  for  successful  use  in  the  ordinary  power-plant  furnaces  of  the  country. 

In  connection  with  the  use  of  briquettes  for  domestic  purposes,  the  following  advantages 
are  claimed: 

1.  That  the  briquettes  bum  with  a  higher  efficiency  and  with  less  smoke,  because  they 
allow  a  better  circulation  of  air  and  the  combustion  is  more  complete  and  more  uniform. 

2.  That  the  briquettes  are  cleaner,  and  that  there  is  less  waste  in  their  use. 

3.  That  they  bum  with  more  flame  (owing  to  the  added  combustible  binding  material) 
and  at  higher  temperatures. 

4.  That  they  occupy  less  space  (by  from  5  to  20  per  cent)  than  does  the  lump  coal. 

5.  That  they  stand  handling  and  exposure  to  weather  better. 

6.  That  in  their  storage  there  is  no  risk  of  spontaneous  combustion. 

A  number  of  these  advantages  are  also  claimed  for  the  use  of  briquettes  in  locomotiTes. 

SOME  CHATIACTERISTICS  OF  GOOD  BRIQUETTES. 

In  view  of  the  great  interest  existing  in  the  development  of  a  briquetting  industry  in  the 
United  States  at  the  present  time  and  of  the  numerous  efforts  toward  such  development 
which  are  being  put  forth  in  different  parts  of  the  country,  it  may  not  be  inopportune  to 
introduce  here  a  brief  statement  of  some  of  the  requisites  of  a  briquette  intended  for  general 
use: 

(1)  The  cost  should  be  but  little,  if  any,  in  excess  of  that  of  lump  coal  of  the  same  kind  as 
that  from  which  the  material  in  the  briquette  was  derived. 

(2)  The  strength  and  binding  material  of  the  briquette  must  be  such  that  it  will  (a)  bear 
handling  and  railway  transportation  without  serious  loss  from  cmmbling,  (b)  stand  exposure 
to  the  weather  without  serious  deterioration,  and  (c)  retain  its  shape  in  the  fire. 

(3)  Its  density  should  at  least  equal  that  of  the  lump  coal  from  the  same  mine  and,  if 
practicable,  should  exceed  it.    It  should  not  absorb  more  than  about  3  per  cent  of  water. 

(4)  It  should  ignite  readily  and  bum  with  a  good,  intense  flame,  and  as  nearly  as  possible 
without  odor  or  smoke. 

(5)  Its  heating  value  should  not  be  less  than  that  of  the  best  lump  coal  from  the  same 
mine.  Naturally  its  heating  value  can  not  exceed  that  of  this  coal,  except  that  if  the  bind- 
ing material  used  has  a  higher  heat  efficiency,  this  may  slightly  increase  the  heat  efficiency 
of  the  briquette,  and  the  more  complete  combustion  which  is  claimed  for  the  briquette  as 
compared  with  the  natural  coal  may  still  further  slightly  increase  its  relative  heat  efficiency. 

(6)  Its  ash  should  not  exceed  that  of  the  best  lump  coal  from  the  same  mine.  Whenever 
the  conditions  are  favorable,  the  percentage  of  ash  should  be  reduced  by  washing  the  fine 
coal  preliminary  to  its  use  in  briquette  manufacture. 

The  sizes  of  briquettes  will  vary  according  to  the  purposes  for  which  they  are  intended 
and  with  other  local  conditions.  In  general,  it  may  be  said  that  the  lai^er  the  briquette  the 
cheaper  its  manufacture.  Some  of  the  English  briquettes  shipped  to  South  America  weigh 
as  much  as  20  pounds  each.  The  English  briquettes  exported  from  Swansea  average  about 
10  pounds  each  in  weight.  The  briquettes  commonly  used  on  locomotives  in  France,  Bel- 
gium, Germany,  and  other  European  countries  range  from  about  3  to  10  pounds  in  weight. 
The  laiiger  briquettes  are  generally  broken  into  pieces  before  being  thrown  into  the  fumace 
or  fire  box,  and  this  always  causes  more  or  less  waste,  but  the  large  size  is  adopted  for 
original  manufacture  owing  to  the  smaller  cost  and  the  convenience  in  handling.    The 
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briquettes  for  domestic  use  are  not  usually  more  than  2  pounds  nor  less  than  one-fourth 
pound  in  weight.  The  smaller  briquettes  are  usually  of  biscuit  or  lenticular  shape,  n^reas 
the  lai^ger  briquettes  for  railroad  use  are  generally  square  or  prismatic,  with  atightly  rounded 
edges. 

PKEUMINABT  TESTS  IN  BUBNING  BRIQUETTES  ON  LOCOMOTIVES. 

Two  hundred  tons  of  Arkansas  semianthracite  slack  coal  from  the  mines  of  the  Western 
Coal  and  Mining  Company  were  made  into  briquettes  for  the  purpose  of  preUminaty  tests 
•concerning  their  suitability  for  use  in  locomotives.  Twelve  tons  of  this  coal  were  made, 
on  a  Renfrew  machine,  into  biscuit-shaped  briquettes  averaging  about  10  ounces  in  weight. 
The  remainder  was  made  into  briquettes  4|  by  6}  by  2)  inches,  averaging  in  weight  about  3) 
pounds.  From  6  to  6)  per  cent  of  pitch  was  used  as  a  binding  material  in  all  these  bri- 
quettes. 

After  a  few  tests  on  a  switching  engine  to  determine  the  best  method  of  firing  these 
briquettes,  two  tests  were  made  on  the  locomotive  drawing  the  regular  passenger  train  of 
the  Missouri  Pacific  Railway  from  St.  Louis  to  Sedalia,  Mo.,  a  distance  of  188  miles.  On  a 
similar  run  made  by  this  passenger  train,  with  the  same  engine  and  fireman,  lump  coal  was 
used  from  the  Consolidated  Coal  Company's  mine  No.  17,  at  Collinsville,  111.,  this  b^ng  taken 
as  a  good  average  of  the  coal  ordinarily  used  by  the  Missouri  Pacific  Railway.  The  water 
and  coal  consumed  were  in  each  case  carefully  weighed,  but  in  these  preliminaly  tests  no 
records  were  made  of  the  steam  pressures  and  temperatures  of  the  feed  wiEter. 

The  engine  steamed  freely  on  each  of  the  three  tests.  No  clinkers  were  fonned*on  the 
grates  or  tube  sheet  with  the  Illinois  bituminous  coal.  A  light  clinker  was  formed  over  the 
,  grates  with  both  runs  on  the  Arkansas  coal,  which,  however,  did  not  interfere  with  the 
engine  making  the  required  amount  of  steam.  The  tube  sheet  clinkered  on  the  run  using 
Renfrow  briquettes,  and  it  was  necessary  to  clean  off  the  clinker  at  Jefferson  City,  125  miles 
from  St.  Louis.  In  both  tests  with  briquettes  they  burned  almost  without  smoke  and  were 
reported  as  being  a  satisfactory  fuel  for  locomotives  in  the  service  of  this  nulroad.  The 
mechanical  engineer  of  the  company,  under  whose  supervision  these  tests  were  made, 
expresses  the  opinion  that  the  advantages  gained  in  burning  the  briquettes  were  more  than 
sufficient  to.cover  the  cost  of  their  manufacture. 

However,  the  above  tests  must  be  considered  as  simply  preliminary  to  more  careful  tests 
to  be  made  later,  and  these  additional  tests  must  be  made  at  an  early  date. 

PARTIAL  BIBLIOGRAPHT  OF  BRIQUETTING. 

The  following  list  includes  a  number  of  articles  on  the  briquetting  of  fuels,  which  may  be 
found  interesting  and  useful.  In  a  later  publication  this  list  will  be  enlarged  by  the  addi- 
tion of  a  number  of  titles  and  notes  on  the  several  papers.  Meanwhile  this  briefer  list  will, 
it  is  believed,  answer  the  purpose  for  which  it  is  intended. 

Piatt,  Sir  Hugh  [pamphlet  on  briquetting;  aaid  to  be  the  first  known  literature  on  the  sobjeot.] 

1776. 
Jars,  Herr  [pamphlet  said  to  he  the  oldest  German  literature  on  briquetting]. 

1861. 
Qerondeau,  H.,  Notes  sur  ragglom^ration  des  charbons  menus:  Revue  unlverselle  des  mines. 

1864. 
Oppler, ,  Die  Fabrikation  kunstlichcr  Brennstoffe. 

1868. 
Pole,  Dr.  W..  Notes  on  the  original  manufacture  of  coal:  Polytcchnisches  Centralblatt,  pp.  348,  654. 

1869. 
Pole,  Dr.  W.,  Notes  on  the  original  manufacture  of  coal:  Pulytechniaches  Centralblatt,  p.  1374. 
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1877. 

Loiseaa,  E.  F.,  Mangftctore  of  artificial  fuel  at  Port  Richmond,  Philadelphia:  Trans.  Am.  Inst.  Min. 

Eng.,  vol.  6, 1877-78,  pp.  214-220. 
Annalea  indastrielles  par  Fredureau  et  Cie.,  Paris. 
Verbesserung  des  Theers  bei  der  Briquettefabrikation:  Berg-  und  HQttenm&nnische  Zeitung,  p.  281 
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BJorling,  P.  R.,  Briquettes  and  briquette  machinery:  Colliery  Guardian,  September  24. 
Loiseau,  E.  F.,  Manufacture  of  artificial  fuel  at  Port  Richmond,  Philadelphia:  Trans.  Am.  Inst,  Min. 
Eng.,  vol.  8, 1879-80,  pp.  314-^20. 

1880. 

Berg,  F.,  Ueber  Briquettirung  Westfalische  Feinkohle. 

Qrogor, ,  BraunkoUIen  Briquettes:  Annalen  ffir  Qewerbe  und  Bauwesen,  vol.  7,  p.  244. 

Qurlt,  Dr.  Adolf,  Die  Bereitung  der  steinkohlen  Briquettes. 

Loiseau,  £.  F.,  Manufacture  of  pressed  fuel:  Van  Nostrand's  Eng.  Mag.,  vol.  23,  p.  41. 

Loiseau,  £.  F.,  Manufacture  of  artificial  fuel  at  Port  Richmond,  Philadelphia  (supplemented  by  a  brief 
statement  by  W.  P.  Shinn) :  Trans.  Am.  Inst.  Min.  Eng.,  vol.  0, 1880-81,  p.  294. 

Der  Maschinenbauer,  vol.  15,  p.  255. 

Herstellung  von  Briquettes  aus  Steinkohlenklein  mit  Hfilfe  von  islandiscbem  Moos:  Der  Maschinen- 
bauer, vol.  15,  p.  335. 
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Junemann,  F.,  Die  Briquette-Industrie  und  die  Brennmaterialen,  old  ed. 
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vol.  47,  p.  242;  Deutsche  Industrie-Zeitung,  vol.  23,  p.  264. 
Compressed  fuel  for  the  navy:  Mining  Jour.,  vol.  52,  p.  102. 
Preparation  of  artificial  fuel:  Am.  Gaslight  Jour.,  vol.  37,  p.  37. 
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Bokelberg, ,  Amerikanlsohe  Presskohlen:  Wochensohrift  des  Veieins  DeutMflier  Ingeniecue,  voL  7, 

p.  147. 
Fabrication  de  briquettes  aveo  le  poussier  de  oolce:  Chronique  industrielle,  vol.  6,  p.  294. 

1884. 

Doppelpresae  Eur  Herstellung  von  Kohlenbriquettes:  Wiebe's  Skiszenbuch  ffir  den  Ingeniear,  vol.  1 
pp.  3,  4. 

1885. 

Saltery, ,  Fabrication  des  briquettes:  Moniteur  industriel  beige,  vol.  12,  p.  397. 

Wendlandt. ,  Fabrikation   der    Braunkohlen-Briquettes:  Verhandlungen    der    Polytechnisohen 

GeseUschaft,  vol.  46,  p.  156. 
Herstellung  der  Kohlenbriquettes  und  Presskohlen:  Eisner's  Chemisch-technische  Mittheilungen, 

1885-86,  p.  61. 
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Ueber  Kohlenbriquettes:  Der  praktische  Maschinen-Constructeur,  vol.  19,  p.  387. 

1887. 

Kosraann, ,  Die  Bedeotung  des  Hydrat-Wassers  in  der  Zusammensetzung  der  Braunkohle  fiir  die 

Briketfabrikation:  Beig-  und  HQttenm&nnische  Zeitung,  vol.  35,  p.  616. 

Preissig, ,  Die  Presskohlen-Industrie,  Freiberg. 

Application  de  la  m^iasse  k  la  fabrication  des  briquettes:  Chronique  industrielle,  vol.  10,  p.  06. 
Briquets  aus  Kohlen  und  Erzstaub  mittelst  M^lasse:  Deutsche  Industrie-Zeitung,  vol.  13,  p.  124. 
Coke  and  briquettes:  Annales  Industrielles,  vol.  19,  p.  25. 
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DETAILED  REPORT  OF  TESTS. 


The  following  are  the  results  of  tests  made  on  the  various  samples  of  coal  received  from 
May  1,  1905,  to  January  1, 1906,  arranged  alphabetically  according  to  States  and  showing 
in  succession  under  the  head  of  each  sample  all  tests  made  on  that  sample. 

CALIFORNIA  NO.  1. 

Lignite  from  Tesla  mine,  San  Francisco  and  San  Joaquin  Coal  Company,  Tesla,  Alameda 
County,  Cal. 

This  sample  consisted  of  run-of-mine  lignite,  and  was  shipped  under  the  supervision  of 
E.  W.  Parker,  statistician.  United  States  Geological  Survey.  It  was  used  in  making 
producer-gas  tests  Nos.  32,  33,  and  34. 

Two  mine  samples  (Nos.  1606  and  1607)  were  taken  for  chemical  analysis  at  widely 

separated  points  in  the  mine. 

OEBHIOAL  AVALTBIS. 


Laboratory  number. 
Air-drying  loss 


Mine  samples. 


1606 
4.60 


I 


2.80 


Moisture 17.50 

g  VoUtlle  matter 41.00 

i  FUcd  carbon I       23.20 

{Ash I        ia03 
Sulpbur 

Hydrogen 

Carbon ' 

Nitrogen I 

Oxygen 

Calorific  value  determined: 

Calories ' 

British  thermal  units 


1607 
4.fi0 

18.02 
39.22 
26.39 
16.37 
3.07 


Car 
sample. 


i 


.49 


1680 
10.40 

18.51 

35.33 

30.67 

15.49 

3.05 

5.93 

47.34 

.66 

27.53 

4,726 


FSODUOSm-OAB  TI8T8. 

Test  32,  California  No.  1. 

Duration  of  test,  42  hours. 

Average  electrical  horsepower 207. 4 

Average  B.  T.  U.  gas,  per  cubic  loot 168. 3 

Total  coal  fired pounds..  23,850 

Test  83,  California  No.  1. 

A  mixture  composed  of  one-half  Tesla  lignite  and  one-half  "front-end''  cinders  from 
locomotives  at  San  Francisco,  furnished  hy  the  Sou^em  Pacific  Company,  was  fed  into 
the  gas  producer  under  normal  conditions,  and  the  test  continued  for  several  hours,  hut  it 
was  found  impossible  to  keep  up  a  supply  of  gas  that  would  operate  the  engine  under 
ordinary  load.    The  analyses  of  the  lignite,  cinders,  and  resulting  gas  are  given  below. 

Test  34,  CalifomU  No.  1. 

A  mixture  of  two-thirds  Tesla  lignite  and  one-third  "front-end"  cinders,  as  in  test  33, 
was  used  in  this  test. 

Duration  of  test,  24  hours. 

Average  electrical  horsepower 206.2 

Averages.  T.  U.  gas,  per  cubic  foot 132.6 

Total  mixture  fired pounds..  11,850 

5a 


54 


OPERATIONS    OF   FUEL-TESTING    PLANT   IN    1905. 


CX>AL  OB  MIXTURE  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PEE  HOUR). 


Per  electrical  horsepower: 

Available  for  oatslde  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  32. 


Coal  as 
fired. 


2.91 
2.74 


2.48 
2.33 


3.06 
2.88 


2.60 
2.45 


Dry 


2.41 
2.26 


2.05 
1.92 


2.53 
2.38 


2.15 
2.02 


Com- 
bus- 
tible. 


1.96 
1.84 


1.66 
1.56 


2.06 
1.94 


1.75 
1.65 


Test  34. 


Coal  as 
fired 


2.50 
2.40 


2.13 
2.04 


Dry 
coal. 


2.17 
2.06 


1.85 
L77 


Com- 
bus- 
tible. 


1.79 
1.71 


1.52 
L46 


Test  32. 


Test  33. 


Lignite. 


Cinders. 


Test  34. 


Lignite. 


Cinders. 


Coal. 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 


17.36 
38.41 
28.76 
15.47 


17.41 
^6.06 
30.87 
15.66 


3.50 
6.36 
74.93 
15.21 


17.41 
36.06 
3a  87 
15.66 


3.50 
6.36 
74.93 
15.21 


Sulphur. 


100.00 
2.96 


100.00 
3.10 


100.00 
.63 


100.00 
3.10 


100.00 
.63 


Test  32. 


Test  33. 


Test  34. 


Oas  by  i>olume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) 

Hydrogen  (Hi) 

Methane  (CH«) 

Nitrogen  (Nf ) 

Oxygen  (Oi) 


10.0 
19.2 
11.4 
3.9 
55.4 
.1 


11.2 
17.4 
8.3 
2.7 
60.4 


9.7 
18.1 
7.9 
3.0 
61.3 


100.0 


loao 


100.0 


ILLINOIS  NO.  6. 

Bituminous  coal  from  Coffeen  miue,  Clover  Leaf  Coal  Company,  CofTeen,  Montgomery 
County,  111.,  on  the  Toledo,  St.  Louis  and  Western  Railroad. 

One  sample  of  this  coal  was  shipped  to  the  testing  plant  in  1904,  and  of  this  sample  some 
coal  remained  after  the  plant  shut  down  at  the  end  of  that  year.  This  coal  was  used  in 
making  steaming  test  No.  106. 

An  additional  sample  was  shipped  under  the  supervision  of  Inspector  J.  W.  Groves,  con- 
sisting of  run-of-mine  coal,  which  was  used  in  making  washing  test  No.  101  and  producer 
gas  test  No.  35. 


TK8T8 — ILLINOIS. 
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One  mine  sample  was  taken  from  this  mine  by  the  inspector  for  chemical  analysis, 
was  cut  from  the  face  of  the  second  right  entry,  1,500  feet  northwest  of  the  shaft. 


This 


GKBVZOAL  AVALTBIS.' 


Laboratory  number . 
Air^lrying  loss 


MolatoiQ 

Volatile  matter 

Fixed  carbon 

(Aah 

jSulpbur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units  . . 


Mine 
sample. 


1061 
6.60 

12.  go 

33.77 
42.25 
11.08 
a78 


10,856 


Car  sam- 
ple. 


1702 
8.10 

11.93 

29.99 

43.90 

14.18 

4.29 

5.21 

56.94 

1.01 

18.37 

5,724 
10,303 


A  For  analyse 
261, 1905,  p.  37. 


I  of  mine  samples  taken  during  the  Exposition  period  see  Bull.  U.  8.  Qeol.  Survey  No. 

8TSA1EIV0  TEST. 

Test  106,  Illinois  No.  6,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over  1  inch,  4.7  per  cent;  }  inch  to  1  Inch,  19.8  per  cent; 
I  inch  to  i  inch,  21.5  per  cent;  under  i  inch,  54.5  per  cent.  Duration  of  test,  10  hours.  Kind  of  grate, 
plain. 

MISCELLANEOUS   ITEMS. 


Heating  value  of  coal B.  T.  O.per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature •F.. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evi^iorated  from  and  at  212<>  F.:  a 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do . . . . 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour .* pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do. 


Test  106. 


12,762 

.65 

.25 

2,213 

2&94 

a39 

95.3 

4.60 

5.56 
6.56 
7.45 
49.64 

&09 
6.28 

4.31 
5.32 


a  A  better  evaporation  would  have  been  obtained  if  boilers  and  gas-sampling  apparatus  had  been  in 
better  condition,  as  they  were  later. 
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ANALYSES. 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Aali 

Salphur 


Tedtioe. 


16l33 
33.76 
42.18 
&73 


100.00 
3.12 


UTHtnaU. 

Carbona 

Hydrogena 

Ozygena 

Nitrogena 

Sulphur 

Ash 


TMtioe. 


7a  44 
4.63 
0.66 
1.28 
3.68 

lasi 


100.00 


a  Figured  from  car  sample. 

PEODUQEB-GAB  TI8T. 

Teat  85,  Ulinols  No.  6  B. 

Siee  as  shipped,  run  of  mine.    Size  as  used,  not  determined.    Duration  of  test,  60  hours. 

Average  electrical  horsepower 206. 7 

Average  B.  T.  U.  gas,  per  cubic  foot 152. 0 

Total  coal  fired pounds..  23,400 

COAL  CONSUMED  IN   PRODUCER   (POUNDS  PER  HORSEPOWER  PER  HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  35. 


Coal  as 
fired. 


2.00 
1.89 


1.70 
1.61 


2.14 
2.02 


1.82 
1.72 


Dry 
coaJ. 


1.77 
1.67 


1.50 
1.42 


1.80 
1.79 


1.61 
1.52 


Com- 
bustible. 


1.45 
1.37 


1.23 
1.16 


1.55 
1.46 


1.31 
1.25 


ANALYSES. 


Coal. 


Moisture 

Volatile  matter. 
Fixed  carbon . . . 
Ash 


Sulphur. 


Oas  by  volume. 

Carbon  dioxide  (COs) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (H|) 

Methane  (CHO 

Nitrogen  (Nj) 

Oxygon  (Ot) 


Test  35. 


7.8 
20.9 
9.0 
3.7 
58.5 
.1 

100.0 


TESTS ILLINOIS. 
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WABHXVG  TI8T. 

Test  101,  nUnois  No.  6. 

Size  as  shipped,  run  of  mine.    Size  as  used,  crashed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  14, 710 

Washed  coal do....  13,5S6 

Refuse do....    1,124 

ANALYSES. 


Test  101. 

Raw  coal. 

Washed 
coal. 

Moisture 

14.43 
29.48 
42.81 
1128 
4.01 

15.23 

Volatile  matter 

Fixed  carbon 

Ash 

&64 

Sulphur 

3.30 

ILLINOIS  NO.    7. 

Bituminous  coal  from  mine  No.  2,  Lumagbi  Coal  Company,  near  Collinsville,  Madison 
County,  111.,  on  the  Vandalia  Railroad. 

Four  lots  of  coal  were  shipped  for  testing  from  this  mfne.  One  consisted  of  slack  which 
had  been  passed  through  a  1-inch  mesh  screen;  this  lot  is  designated  as  Illinois  No.  7  A 
and  was  used  in  making  producer  test  No.  26.  Sample  Illinois  No.  7  B  consisted  of  nut 
coal  which  had  passed  over  a  1-inch  mesh  screen  and  was  used  in  making  producer-gas 
test  No.  27.  These  two  lots  were  shipped  under  the  supervision  of  Inspector  J.  S.  Burrows. 
Sample  Illinois  No.  7  C  consisted  of  another  car  of  slack,  which  was  used  in  making  washing 
test  No.  104,  steaming  test  No.  122,  steaming  test  on  washed  coal  No.  129,  and  producer-gas 
test  No.  38.  This  car  was  not  inspected,  as  it  was  slack  coal.  Sample  Illinois  No.  7  D 
consisted  of  run-of-mine  coal  and  was  shipped  under  the  supervision  of  Inspector  J.  W. 
Groves.  It  was  used  in  making  washing  test  No.  108,  coking  tests  Nos.  1  and  4,  and 
steaming  tests  Nos.  142, 143,  and  146. 

Two  mine  samples  were  collected  in  this  mine  for  chemical  analysis.    No.  1608  was 

taken  at  the  face  of  room  17,  north  entry,  and  No.  1609  at  the  tkce  of  room  14,  south 

entry. 

OEBHIGAL  AHALT8S8. 


Laboratory  number. 
Air-drying  loss 


Moisture 

Volatile  matter. 
Fixed  carbon.... 

{Ash 
Sulphur 


Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units.. . 


Mine  samples. 


a  1608 
&90 

12.27 
37.22 
30.16 
11.35 
4.06 


a  1609 
&90 

11.87 
36.57 
30.96 
11.58 
4.75 


1.02 


5,982 
10,768 


Car  sam- 
ples 


Car  sam- 
ple D. 


1611 
6.00 

11.46 
34.98 
36.25 
17.31 
4.40 
&05 
54.56 
.94 
17.74 

5,570 
10,026 


1780 
a50 

10.88 
36.24 
39.75 
13.18 
4.53 
&35 
58.50 
.99 
17.37 

6,009 
10,816 


^Samples  secured  by  J.  S.  Burrows. 
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8TBAMIH0  TI8T8. 


Test  122,  nilnois  No.  7  C. 


Size  as  shipped,  slack.  Size  as  used,  i  inch  to  1 
inch,  12.8  per  cent;  \  inch  to  )  inch,  18.3  per  cent; 
under  { inch,  08.0  per  cent.  Duration  of  test,  10.07 
hours.    Kind  of  grate,  rocking. 

Test  129,  lUinoU  No.  7  C. 

Size  as  shipped,  slack.  Size  as  used,  i  inch  to  1 
inch,  10.40  per  cent;  \  inch  to  )  inch,  25.50  per  cent; 
under  {  inch,  04.04  per  cent.  Waslied.  Duration 
of  test,  8.35  hours.    Kind  of  grate,  plain. 

Test  142,  Illinois  No.  7  D. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  33.5  per  cent;  }  inch  to  1  Inch,  23.3  per  cent; 
\  inch  to  i  inch,  15.0  per  cent;  under  I  inch,  28.2 


per  cent.    Duration  of  test,  10X12  hours.    Kind  of 
grate,  plain. 

Test  143,  lUlnols  No.  7  D. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
linch,  32.1  per  cent;  i  inch  to  1  inch,  22.0  per 
cent;  \  inch  to  §  inch,  15.6  per  cent;  under  \  inch 
30.3  per  cent.  Duration  of  test,  10.0  hours.  Elind 
of  grate,  plain. 

Test  146,  Illinois  No.  7  D. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  24.3  per  cent;  i  inch  to  1  inch,  23.3  per  cent; 
}  inch  to  I  inch,  18.1  per  cent;  under  \  inch,  34.3  per 
cent.  Duration  of  test,  10.07  hours.  Kind  of 
grate,  rocking. 


MISCELLANEOUS   ITEMS. 


Heating  value  of  coal.. .' B.  T.  U.  per  pound  dry  coal 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature "F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour, 
pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heat- 
ing surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired, 
pounds 

Water  evaporated  from  and  at  212*  F. : 

Per  pound  of  coal  as  fired pounds. 

Per  pound  ofdry  coaL do... 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Ck>al  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


Test 
122. 


0.58 
.30 


20.06 

2.10 
61.4 

4.71 

5.44 
0.06 
a  97 
58.71 

5.20 
6.42 

4.65 
5.74 


Test 
129. 


12,730 

0.55 
.24 


19.92 

3.19 
89.6 

5.75 

6.70 
8.02 
9.17 
60.84 

4.22 
5.21 

3.53 
4.36 


Test 
142. 


11,073 

0.60 
.10 


20.07 

2.97 
83.3 

5.73 

6.65 
7.42 
9.25 
61.39 

4.25 
5.25 

3.81 
4.70 


Test 
143. 


11,212 

0.58 
.18 


18.74 

2.60 
75.6 

5.50 

0.40 

7.20 

9.27 

02.01 

4.38 
5.40 

3.93 
4.85 


Test 
140. 


11,088 


a  01 
.23 


20.21 

2.68 
75.2 

5.68 

6.64 

7.40 

9.80 

04.45 

426 
5.26 

a82 
4.72 


ANALYSES. 


Proximatt. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  122. 

Test  129. 

Test  142. 

Test  143. 

Test  146. 

10.54 
31.18 
32.96 
25.30 

16.45 
34.43 
40.18 
8.94 

100.00 
3.22 

ia38 

34.33 
39.06 
16.21 

ia20 
32.34 
38.95 

18.42 

10.29 

32.16 

38.35 

19.20 

100.00 
4.18 

100.00 
4.28 

loaoo 

4.00 

loaoo 

5l01 
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UUimate. 


Carbon  «... 
Hydrogen*. 
Oxygena  ... 
Nitrogen  a.. 

Sulphur 

Ash 


Teat  122. 


54.93 

3.88 

7.31 

.92 

4.67 

28.29 


100.00 


Test  129. 


70.00 
4.95 
9.33 
1.16 
3.86 

10.70 


100.00 


Test  142. 


63.24 
4.49 
8.33 
1.07 
4.78 

18.09 


Test  143. 


60.90 
4.31 

&a2 

1.04 

5.20 

20.53 


100.00  I      100.00 


Test  146. 


50.86 
4.24 
7.91 
1.01 
&58 

21.40 


loaoo 


oFigured  from  car  sample. 
PKODUOER-GAB  TEST. 


Test  86,  lUlnols  No.  7  A. 

Size  M  shipped,  slack.    Size  as  used,  not  deter- 
mined.   Duration  of  test.  Hi  hoars. 

Average  electrical  horsepower 138.6 

Avera^B  B.  T.  U.  gas,  per  cubic  foot 109. 3 

Total  coal  fired,  pounds 7,350 


Test  27,  minoU  No.  7  B. 

Size  as  shipped,  nut  and  pea.    Size  as  used,  not 
determined.    Duration  of  test,  30  hours. 


Average  electrical  horsepower 204. 1 

Average  B.  T.  U.  gas,  per  cubic  foot 138. 6 

Total  coal  fired,  pounds 13,650 

Test  38,  nilnoUi  No.  7C. 


Size  as  shipped,  slack.    Size  as  used,  not  deter- 
mined.   Duration  of  test,  33  hours. 

Average  electrical  horsepower 174. 8 

Average  B.  T.  U.  gas,  per  cubic  foot 120. 2 

Total  coal  fired,  pounds 15,750 

COAL  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PER  HOUR). 


Tost  2a. 


per  electrical  bo raespower: 

AvallabU)  lor  ouuiik  purpoMs. ,  „ . . 

D^vHopC'd  at  Bwttch  board 

P^r  bri^e  horsc«pow(^r: 

Available  lor  ouUid^  purposes...... 

Developed  at  einglnft,  ,.„„...„.»*.* 
Equivalent  used  by  prttdueer  plaiU. 
Fijf  electrical  horsepower: 

Available  for  outsfdn  purpOH» 

Developed  at  switch  boftid... ..,*.*, 
I^r  bra.ke  horsepower: 

Available  for  outside  purposed 

Developed  at«ng1ite........ 


as 

fired. 


49§ 
400 


4.24 


\2& 

4.94 


446 
420 


Drv 
QoaL 


4.3& 

a«9 

147 


4M 

430 


Test  27. 


Com-|  Coal  r*  J  Corn- 
bus-  1  fts  r\l(  :  bus- 
tlblfl  '  flxwi.  ™""    tlWe. 


aa7 

3.07 

2.7S 
2.61 


3.4S 

3.24 


2.03 
2,76 


2.33 
3.23 


2.06 


i.« 

!.§»     LOT  ^  1.34 


i.m    1.75 


2.53     2.23     1.7S 
2.11     aiU     1,70 


LSI 


L51 


TCTtae, 

as 

fired. 

coll. 

X03 

2.ti3 

2.73 

%4& 

2.^ 

2.24 

2.32 

Z09 

3.13 

rm 

Z^l 

2.01 

ati£ 

Z38 

2.47 

2. 22 

Corn- 
bus- 
llbte* 


2.  OS 


L77 
1.06 


2.21 

3.06 


l.SS 
1.75 


ANALYSES. 


Test  26. 

Test  27. 

Test  38. 

Test  26. 

Test  27. 

Test  38. 

Coal, 
Moisture 

12.76 
32.35 
33.37 
21.52 

11.92 
33.05 
36.67 
17.46 

10.08 
32.71 
38.26 
18.95 

Oat  by  volume. 
Carbon  dioxide  (COj).... 
Carbon  monoxide  (CO).. 

11.9 
10.7 
7.9 
3.8 
65.7 

la  9 
12.6 
9.4 
49 
62.1 
.1 

11.2 

Volatile  matter 

14.5 

Fixed  carbon 

7.7 

Ash 

Methane  (CH*) 

3.2 

Nitmffpn  fN.^ 

63.4 

100.00 
3.82 

loaoo 

415 

100.00 
4  15 

Oxygen  (Ot) 

loao 

loao 

100.0 
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OPERATIONS   OF   FUEL-TESTING   PLANT   IN   1905. 


WABHIHO  TBBTB. 


Test  104,  nilnols  No.  7  C. 


Sise  OS  shipped,  slack.   Size  as  used,  crushed  to  2 
inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds..  15,809 

Washed  coal do....  11,238 


Refuse do. . . 


Test  108,  nilnols  No.7  D. 


Size  as  shipped,  run  of  mine.    Sixe  as  used, 
crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coaL pounds. .  14,000 

Washed  coal do....  11,790 


4,571 
ANALYSES. 


Refuse do 2, 210 


Test  104. 

Test  106. 

Raw  coal. 

Washed 
coal. 

Raw  coal. 

Washed 
coal. 

Moisture 

10.09 
33.06 
36.14 
2a  09 
406 

16.64 

ia83 
36.24 
39.75 

iai8 

453 

12.45 

Volatile  matter 

Fixed  carbon.. . .                                      

Ash 

8.59 
3.25 

9.30 

Sulphur 

a65 

OOKDrO  TESTS. 


Test  1,  Illinois  No.  7  D. 


Size  as  shipped,  run  of  mine.  Size  as  used, 
finely  crushed.    Raw.    Duration  of  test,  43  hours. 

Coal  charged pounds . .  8, 000 

Coke  produced do  —  3, 907 

B  reeze  produced do 452 

Coke  produced per  cent. .  48. 84 

Breeze  produced do 5.65 

Total  percentage  yield 54.49 

ReTftarks.—Qood,  hard  coke.  Sulphur  and  ash 
too  high.  First  charge  after  ovens  put  In  commis- 
sion. One-inch  blaek  butts  on  coke.  More  sea- 
soned ovens  would  probably  give  better  results. 


Test  4,  nilnols  No.  7  D,  washed. 

Size  as  shipped,  run  of  mine.    Size  as  used, 
finely  crushed.    Duration  of  test,  65  hours. 

Coal  charged pounds. . 

Coke  produced do 

B  reeze  produced do 

Coke  produced per  cent. . 

Breeze  produced do 


»  Total  percentage  yield 54.60 

/^emari^A.— Light-gray  and  silvery  color.  Good, 
strong  coke.  Ash  reduced  by  washing.  Sulphur 
reduction  small. 


Test  1. 

Test  4 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture ^ 

10.88 
35.27 
38.44 
15.41 
4.53 

2.26 

1.86 

72.68 

23.20 

3.95 

12.45 
36.17 
42.08 
9.30 
3.64 

1.04 

Volatile  matter ..      . 

.61 

Fixed  carbon 

82.10 

Ash 

16.25 

Sulphur 

3.24 

ILLINOIS  NO.  8. 

Bituminous  coal  from  Paisley  mine,  Dering  Coal  Company,  Paisley,  Montgomery  County, 
111.,  on  the  Big  Four  Railroad. 

This  sample  consisted  of  nut  coal.  It  was  shipped  before  the  corps  of  inspectors  was  organ- 
ized, and  consequently  the  loading  of  the  car  was  not  supervised  by  a  representative  of  the 
plant.  This  sample  was  used  in  making  steaming  tests  Nos.  101  and  102  and  producer-gas 
test  No.  29. 

No  mine  samples  have  as  yet  been  taken  from  this  mine,  but  before  the  final  report  of  the 
testing  plant  is  prepared  the  mine  will  be  examined  and  the  samples  obtained. 


TESTS ILLINOIS. 
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Laboratory  number . 
Alr-drying  loss 


S  (Moisture 

g  Volatile  matter 

g  Fixed  carbon 

^l(Aah 

[Salpbur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


Car 

sample. 


1627 
4.40 

13.20 

34.33 

39.94 

12.53 

4.47 

5.51 

57.25 

1.02 

19.22 

5,841 
10,514 


BTB^MZHO  TTBSTS. 


Test  101,  Illinois  No.  8. 


Size  as  shipped,  nut.  Sise  as  used,  over  1  inch,  58 
per  cent;  }  inch  to  1  inch,  21.9  per  cent;}  inch  to 
)  inch.  8.7  per  cent;  under  \  inch,  11.4  per  cent. 
Duration  of  test,  10.03  hours.  Kind  of  grate, 
roddng. 


Test  102,  Illinois  No.  8. 


Size  as  shipped,  nut.  Size  as  used,  over  1  inch 
50.4  per  cent;  i  inch  to  1  inch,  25.5  per  cent;  i  inch 
to  I  inch,  10.6  percent;  under  { inch,  13.5  per  cent. 
Duration  of  test,  10  hours.    Kind  of  grate,  plain. 


MISOELLANEOUS  ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  d ry  coal . 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do 

Furnace  temperature "F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pounds ". 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  p^  pound  of  coal  as  fired pounds. , 

Water  evaporated  from  and  at  212  *F.: « 

Per  pound  of  coal  as  fired do . . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efficiency  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do . . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  101. 


12,047 


0.63 
.31 


Test  102. 


12,002 


0.63 
.25 


28.82  I 

3.21 
90.1 
4.56 

5.39 
6.22 
7.75 
49.86 

5.25 
6.48 

4.56 
5.61 


28.36 

3.62 
101.5 
4.71 

5.58 

6.39 

7.70 

51.41 

5.07 
6.26 

442 
5.46 


a  A  better  evaporation  would  have  been  obtained  if  boilers  and  gas-sampling  apparatus  had  been  in 
better  condition,  as  they  were  later. 
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OPERATIONS   OF  FUEL-TESTING   PLANT  IN   1906. 


Test  101. 

Test  102. 

Proximate. 
Moisture 

13.31 
34.61 
30.39 
12.60 

12.67 
34.23 
40.00 
13.10 

Volatile  matter 

Fixed  carbon 

Aah 

Sulphur 

100.00 
6.16 

loaoo 

4.68 

Test  101. 


UHinuUe. 

Carbon  a 

nydrogena 

Oxygena 

Nitrogena 

Sulphur 

Ash 


65.13 
4.50 
8.53 
1.16 
5.95 

14.64 


loaoo 


Test  102. 


65.31 
461 
&56 
1.16 
5.36 

15.00 


loaoo 


a  Figured  from  car  sample. 

PRODirOXB-OA8  TS8T. 

Test  29,  Illinois  No.  8. 

Size  as  shipped,  nut.    Size  as  used,  not  determined.    Duration  of  test,  42  hours. 

Average  electrical  liorsepower 208.0 

Average  B.  T.  U.  gas,  per  cubic  foot 147.0 

Total  ooal  fired pounds..  16,050 

COAL  CONSUMED   IN  PEtODUCBR  (POUNDS  PER   HORSEPOWER  PER  HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  swit«h  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine , 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  Ixmrd 

Per  t^rake  horsepower: 

Available  lor  outside  purposes 

Developed  at  engine 


Test  29. 


Coal  as 
fired. 

Dry  coal. 

Combus- 
tible. 

1.93 

1.68 

1.46 

1.84 

1  60 

1.39 

1.64 

1.43 

1.24 

1.56 

1  36 

1.18 

2.08 

1.81 

1.57 

1.08 

1.72 

1.50 

1.77 

1.64 

1.34 

1.68 

1  47 

1.27 

ANALYSES. 


Coal. 


Moisture 

Volatile  matter. 
Fixed  carbon . . . 
Ash 


Sulphur. . 


Test  29. 


12.91 
33.83 
41.67 
11.50 


100.00 
4.64 


Qas  by  volume. 

Carbon  dioxide  (COi) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (Hj) 

Methane  (Cn<) 

Nitrogen  (Nf) 

Oxygen  (Oi) 


Test  29. 


8.0 
19.8 
10.3 

3.1 
58.7 

ai 


loao 


TESTS ILLINOIS. 
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ILLINOIS  NO.  9. 

Bituminous  coal  from  mine  No.  2,  Mount  Olive  and  Staunton  Coal  Company,  Staunton, 
Macoupin  County,  111.,  on  the  Litchfield  and  Madison  Railroad. 

Two  separate  samples  of  coal  were  shipped  from  this  mine  under  the  supervision  of 
Inspector  J.  S.  Burrows.  One  sample  consisted  of  run-of-mine  coal  and  is  called  Illinois 
No.  9  A.  The  following  tests  were  made  on  this  sample:  Washing  test  No.  102,  steaming 
tests  Nos.  103, 104,  and  105,  and  steaming  test  on  washed  coal  No.  113.  The  second  sam- 
ple, designated  as  Illinois  No.  9  B,  consisted  of  lump  coal  and  was  used  in  making  steaming 
test  No.  121  and  producer-gas  test  No.  28. 

Two  samples  for  chemical  analysis  were  taken  in  this  mine  from  two  widely  separated 
points  as  follows:  No.  1625  from  the  face  of  room  11  off  the  first  entry  north;  No.  1626 
from  the  face  of  the  main  air  course. 

OHIWICAL  AVALT8S8. 


Laboratory  Duraber. 
Air-drying  loss 


Moistore 

Volatile  matter 

Fixed  carbon 

(Ash 

(Sulpbur 

Hydrogen 

Carbon 

Nitrogen 

OxjTgen 

Calorific  value  determined: 

Calories 

British  thermal  units... 


Mine  samples. 


1625 
7.70 

13.29 
37.07 
40  74 

ago 

4.12 


6,201 
11.162 


1626 
7.70 

16.27 
36.19 
39.34 
920 
3.70 


Car  sam- 
ple A. 


1635 
9.00 

13.54 

35.60 

40.03 

10.74 

4.03 

5.71 

58.60 

.95 

19.88 

6.004 
10,807 


Car  sam- 
ple B. 


1639 
10.10 

13.72 

36.24 

39.72 

10.32 

3.96 

5.74 

58.95 

.98 

20.05 

6.039 
10.870 


STBAKIirO  TESTS. 


Test  103,  Illinois  No.  9  A. 

Size  as  shipped,  run  of  mine.  Size  as  used,  not 
determined.  Duratlonof  test.  10.02  hours.  Kind 
of  grate,  plain. 

Test  104,  Illinois  No.  9  A. 

Size  as  shipped,  run  of  mine.  Size  as  used,  not 
determined.  Duration  of  test.  9.9  hours.  Kind 
of  grate,  plain. 

Test  100,  Illinois  No.  9  A. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch.  33.3  per  cent;  }  Inch  to  1  Inch.  26.0  per 
cent;  \  Inch  to  }  inch.  15.8  per  cent;  under  \  Inch, 


24.9  per  cent.     Duration  of  test.  10.03   hours. 
Kind  of  grate,  plain. 

Test  113,  Illinois  No.  9  A,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch.  24.6  percent;  )  inch  to  1  inch.  27.8  percent; 
\  inch  to  I  inch,  20.4  per  cent;  under  i  inch.  27.2 
per  cent.  Duration  of  test,  0.98  hours.  Kind  of 
grate,  rocking. 

Test  121,  lUlnels  No.  9  B. 

Size  as  shipped.  lump.  Size  as  used,  over  1  inch 
35.7  percent;  }  inch  to  1  inch,  29.1  per  cent;  i  inch 
to  I  Inch,  15.0  per  cent;  under  i  inch,  20.2  per  cent. 
Duration  of  test,  9.93  hours.  Kind  of  grate, 
rocking. 


64  OPERATIONS   OF   FUEL-TESTING   PLANT   IN   1906. 

MISCELLANEOUS  ITElfS. 


Heating  value  of  coal. .  B.  T.  U.  per  pound  dry  coal . 
Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature **F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per 
hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of 
water-beating  surface  per  bour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed. 

Water  apparently  evaporated  per  pound  of  coal  as 
fired pounds. . 

Water  evaporated  from  and  at  212^  F.:  a 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  103. 


12,506 

0.S6 

.27 

2,218 

26.53 

3.61 
101.1 

5.06 

5.94 
6.81 
7.87 
52.50 

4.76 
&88 

4.15 
&13 


Test  104. 


12,483 

a37 

.19 

2,155 

23.22 

a  01 
84.4 

4.85 

5.70 
6.50 
7.63 
50.28 

4.06 
6.12 

4.35 
&37 


Test  105. 


12,555 

a66 

.25 

2,220 

30.26 

4.06 
114.3 

4.99 

&03 
6.75 
7.79 
51.92 

4.77 
5.89 

419 
6.17 


Test  113. 


12,947 

0.50 
.20 


25w60 

ao5 

85.6 
4.84 

5.68 
6.66 
7.50 
49.67 

4.96 
6.15 

4.25 
5.24 


Testm. 


12,438 
.19 


26.60 

as? 

100.0 
&72 

6.60 
7.49 
&83 
56.15 

4.23 
5.22 

a77 
4.66 


a  A  better  evaporation  would  have  been  obtained  if  boilers  and  gas-sampling  apparatus  had  been 
in  better  condition,  as  they  were  later. 


Test  lOa 

Test  104. 

Test  105. 

Test  lia 

Test  121. 

Proximate. 
Moisture 

12.76 
36.12 
40.78 
10.34 

12.21 
36.38 
40.27 
11.14 

12.10 
36.23 
41.05 
ia62 

14.66 
36.71 
41.19 
7.44 

10  70 

Volatile  matter 

35.84 

Fixed  carbon 

41.82 

Ash 

11.64 

Sulphur 

100.00 
a94 

100.00 
a89 

100.00 
4.08 

100.00 
a34 

100.00 
4.11 

Ultimate. 
Carbon  « 

68.45 
4.92 
9.16 
1.10 
4.52 

11.85 

67.83 
4.88 
9.08 
1.09 
4.43 

12.69 

68.17 
4.89 
9.13 
1.10 
4.64 

12.07 

7L64 
&13 
9.55 
1.15 
a  91 
a72 

67.42 

Hydrogen  o 

4.83 

Oxygen  o 

8.99 

Nitrogen  « 

1.12 

Sulphur 

4.60 

Ash 

iao4 

100.00 

100.00 

100.00 

100.00 

loaoo 

o  Figured  from  car  sample. 
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PR0DXr0EK-OA8  TEST. 
Test  2S,  minots  No.  9  B. 

Size  as  shipped,  lump.    Size  as  used,  not  determined.    Duration  of  test,  60  hours. 

Average  electrical  horsepower 208. 0 

Average  B.  T.  U.  gas,  per  cubic  foot 143.7 

Total  coal  fired pounds. .  23, 700 

COAL  CONSUMED    IN    PRODUCER    (POUNDS   PER    HORSEPOWER   PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  28. 


Coal  as    nnrnnai      ^om- 
flred.      l>fycoal.  bustible. 


1.99 
1.90 


1.70 
1.61 


2.11 
2.01 


1.79 
1.71 


1.76 
1.67 


1.49 
1.42 


1.86 
1.77 


1.68 
1.50 


1.53 
1.45 


1.30 
1.23 


1.62 
1.54 


1.37 
1.31 


Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur.    


Test  28. 


11.99 
35.90 
4a  63 
11.48 


100.00 
4.92 


Oas  by  volume. 

Carbon  dioxide  (CO,) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (H,) 

Methane  (CIIO 

Nitrogen  (N|) 

Oxygen  (O,) 


Test  28. 


8.9 
16.0 

9.4 

5.1 
60.5 

0.1 


100.0 
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OPERATIONS    OF   FUEL-TESTING    PLANT   IN    1906. 


WABHnrO  TEST. 

Test  lOS,  UUnois  No.  9  A. 

Size  as  shipped,  run  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds..  18,000 

Washed  coal do 13,920 

Refuse do 4, 080 

ANALYSES. 


Te«t  102. 

Raw  coal. 

Washed, 
coal. 

Moisturf 

13.54 
35.60 
4a  03 
ia74 
4.03 

15.65 

Volatile  matter 

Fixed  carbon , 

Ash 

, 

7.57 

Sulphur 

ass 

ILLINOIS  NO.  lO. 

Bituminous  coal  from  West  Frankfort  mine,  Dering  Coal  Company,  West  Frankfort, 
Franklin  County,  111.,  on  the  Chicago  and  Eastern  Illinois  Railroad. 

This  sample  consisted  of  one  car  of  slack  coal.  It  was  shipped  vrithout  inspection,  as  the 
corps  of  inspectors  was  not  organized  at  the  time  the  coal  was  asked  for.  The  following 
tests  were  made  on  this  sample:  Washing  test  No.  103,  steaming  tests  Nos.  107,  108,  109, 
and  110,  steaming  test  on  washed  coal  No.  114,  and  producer-gas  test  No.  31. 

No  mine  samples  have  as  yet  been  obtained  from  this  mine. 

CHEMICAL  ANALYSES. 


Laboratory  number. 
Alr-drylng  toss 


Car 
sample. 


Moisture 

Volatile  matter. 

Fixed  carbon 

JAsh 


[Sulphur.. 
Hydrogen. 

Carbon 

Nitrogen.. 
Oxygen 


Caloriflc  value  determined: 
Calories 


British  thermal  units. 


1648 
&90 

9.50 
31.96 
47.08 
11.44 

1.45 

5.31 
63.83 

1.36 
16.61 


6,392 
11,506 


TESTS ILLINOIS. 


67 


BTEAKnrO  TESTS. 


Test  107,  nUnoU  Mo.  10. 

Size  as  shipped,  slack.  Size  as  used,  over  1  inch, 
2.9 p(>r cent;  )  inch  to  1  inch,  23.1  percent;  } inch  to 
i  inch,  26.4  per  cent;  under  J  inch,  47.6  per  cent. 
Duration  of  test,  10.17  hours.  Kind  of  ^rate, 
plain. 

Test  108,  IlUnols  No.  10. 

Size  as  shipped,  slaclc.  Size  as  used,  over  1  inch, 
7.6  per  cent;  }  inch  to  1  inch,  19.2  per  cent;  J  inch 
to  i  inch,  21.1  percent;  under  J  inch.  52.1  percent. 
Duration  of  test,  10  hours.    Kind  of  grate,  plain. 

Test  109,  IlUnols  Mo.  10. 

Size  as  shipped,  slack.  Size  as  used,  over  1  inch. 
22.8  per  cent;  }  inch  to  1  inch,  30.1  per  cent;  J  inch 


to  }  inch,  17.3  per  cent;  under  |  inch,  29.8  per  cent. 
Duration  of  test,  9.98  hours.  Kind  of  grate,  rock- 
ing. 

Test  110,  IlUnols  Ho.  10. 

Size  as  shipped,  slack.  Size  as  used,  over  1  inch, 
19.2  per  cent;  }  inch  to  1  inch,  32.6  per  cent;  { Inch 
to  i  inch,  18.4  per  cent;  under  }  inch,  29.8  per  cent. 
Duration  of  test,  9.95  hours.  Kind  of  grate,  rock- 
ing. 

Test  114,  lUlnois  Mo.  10,  washed. 

Size  as  shipped,  slack.  Size  as  used,  over  1  inch, 
12.8  per  cent;  }  inch  to  1  inch,  27.5  per  cent;  { inch 
to  §  inch,  23.4  per  cent;  under  J  inch,  36.3  per  cent. 
Duration  of  test,  10.05  hours.  Kind  of  grate, 
rocking. 


MISCELLANEOUS   ITEMS. 


Test  107. 
12,429 

Test  108. 

Test  109. 

Te'st  110. 

Test  114. 

Heating  value  of  coal.B.  T.  U.  per  pound  dry  coal . . 

12,685 

12,373 

12,929 

13,546 

Force  of  draft: 

Under  stack  damper inch  water. . 

0.50 

0.42 

0.51 

0.45 

0.51 

Above  Are do 

.32 

.21 

.29 

.26 

.21 

Furnace  temperature **F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per 
hour pounds. . 

2,229 

21.00 

22.24 

21.46 

20.66 

z4.23 

Equivalent  water  evaporated  per  square  foot  of 
water-heating  surface  per  hom- pounds. . 

Percentage  of  rated  borsepowelof  boiler  developed . 

3.20 

3.13 

2.96 

2.48 

3.52 

89.9 

87.6 

83.0 

69.6 

98.7 

Water  apparently  evaporated  per  pound  of  coal  as 
fired pounds. . 

5.73 

5.41 

5.83 

5.16 

6.07 

Water  evaporated  from  and  at  212°  F.:  a 

Per  pound  of  coal  as  fired do 

6.70 

6.39 

6.90 

6.08 

7.16 

Per  pound  of  dry  coal do 

7.65 

•       7.04 

7.70 

6.71 

8.11 

Per  pound  of  combustible do 

9.17 

a28 

9.52 

8.05 

8.94 

Eliiclency  of  boiler,  including  grate per  cent. . 

59.44 

53.60 

60.10 

50.12 

57.82 

Coal  HS  fired: 

Per  indicated  horsepower  hour pounds. . 

4.18 

4.43 

4.10 

405 

3.95 

Per  electrical  horsepower  hour do 

5.16 

5.46 

5.06 

5.74 

4.88 

Dry  coal: 

Per  indteated  horsepower  hour do 

3.70 

4.02 

3.67 

4.21 

3.49 

Per  electrical  horsepower  hour do — 

4.56 

4.96 

4.53 

5.20 

130 

oA  better  evaporation  would  have  been  obtained  if  boilers  and  gas-sampling  apparatus  had  been  in 
better  condition,  as  they  were  later. 


Proximate. 

Moi.stun».  I 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  107. 

Test  108. 

Test  109. 

Test  110. 

Test  114. 

11.62 
30.59 
44.93 

12. 86 

9.29 
31.24 
47.  S4 
11.63 

10.32 
oO.Ol 
46.27 
13.40 

9.29 
32.54 
48.11 
10.06 

11.67 
32.37 
49.87 
•6.09 

1       100. 00 

1          1.45 

i 

100.00 

1.44 



100.00 
1.46 

100.00 
1.40 

100.00 
1.22 
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ANALYSES — Continued. 


UUimaU. 

Carbon  « 

Hydrogen  <s 

Oxygen  « 

N  It  rogen  « 

Sulphur 

Ash 


Teat  107. 

Test  108. 

Test  100. 

Test  110. 

Test  114. 

68.03 

70.38 

68.61 

7J.87 

75.42 

4.50 

4.60 

4.57 

4.78 

5.03 

8.86 

9.0G 

8.83 

0.23 

9.67 

1.43 

1.46 

1.42 

1.40 

1.61 

1.64 

J.  50 

1.63 

1.54 

1.38 

14.55 

12.82 

1404 

11.09 

6.89 

100.00 

ioo.no 

100.00 

100.00 

loaoD 

a  Figured  from  car  sample. 

P£0DXr0Ea-OA8  TE8T. 

Test  31»  llUnols  No.  10. 

Size  as  shipped,  slack.    Size  as  used,  not  determined.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 207.5 

Average  B.  T.  U.  gas,  per  cubic  foot 140. 7 

Total  coal  flrod pounds. .  15,600 

GOAL  CX>NSUMED   IN   PRODUCER    (POUNDS   PER   HORSEPOWER   PER  DOUR). 


Test  31. 


Coal  as 
fired. 


Dry  coal. 


Combus- 
tible. 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available,  for  outside  purpo^k^s 

Developed  at  switch  board 

l*er  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  enKinc 


1.00 
1.50 


1.36 
1.28 


1.44 
1.35 


1.46 
1.38 


1.24 
1.17 


1.54 
1.45 


1.31 
1.23 


1.29 
1.22 


1.10 
].03 


1.36 
1.28 


1.16 
1.09 


ANALYSES. 


Coal. 


Test  31. 


Moisture 

Volatile  matter. 
Fixed  carl)on... 
Ash 


8.57 
32.31 
48.45 

10. 07 


Sulphur. 


100.00 
1.35 


Oas  by  volume. 

Carbon  dioxide  (CO,) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (H j) 

Methane  (Cn<) 

Nitrogen  (Nt) 


Test  31. 


9.0 
18.5 
11.5 

3.1 
57.9 


100.00 
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WASHnrO  TE8T. 
Test  103,  llUnoifi  No.  10. 

Sizo  aa  shipped,  slack.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds . .  14, 710 

Washed  coal do . . . .  12, 7»5 

Refuse do....    1,915 

ANALYSES. 


Test  103. 

• 

Raw  coal. 

Washed 
coal. 

Moisture*. 

9.50 
.31.  W 
47.08 
11.44 

l.« 

11.  S6 

V«>lat lie  matter 

F Ixed  carbon 

Aj*h 

6.r;7 

S'iipUur 

1.38 

ILLINOIS  NO.  11. 

Bituminous  coal  from  Daw's  shaft,  St.  Louis  and  Big  Muddy  Coal  Company,  near  Car- 
terville,  Williamson  County,  111.,  on  the  Illinois  Central  Railroad. 

Four  samples  of  coal  were  shipped  as  follows:  Illinois  No.  11  A,  one-half  screenings  and 
one-half  egg  coal;  Illinois  No.  11 B,  one-half  run-of-mine  and  one-half  lump  coal;  Illinois  No. 
lie,  one-half  No.  4  washed  coal  and  one-half  No.  5  washed  coal;  Illinois  No.  11  D,  No.  3 
washed  coal.  These  samples  were  shipped  under  the  supervision  of  J.  S.  Burrows,  and 
were  used  in  making  the  following  tests:  Hlinois  No.  11  A,  steaming  tests  Nos.  137,  138, 
139,  and  141,  and  producer-gas  test  No.  30;  Illinois  No.  11  B,  steaming  tests  Nos.  Ill,  112, 
115,  116,  117,  118,  and  119;  Illinois  No.  11  C,  steaming  test  No.  120,  and  producer-gas 
test  No.  36;  lUinois  No.  11  D,  coking  test  No.  5,  and  producer-gas  tests  Nos.  42  and  48. 

Two  mine  samples  were  taken  in  this  mine,  but  one  of  them  was  lost  in  transit.  The 
one  received  at  the  laboratory  (No.  1634)  was  cut  from  the  face  of  the  north  entry  off  the 
straight  west  heading. 

'  OHBKIOAL  AVALY8I8. 


laboratory  number * . 

A 1  r-d  ry  ing  loss 


Moisture , 

Volatile  matter , 

Fixed  carbon 

jAsh 

(Sulphur , 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units... 


Mine 
sample. 


1634 
4.90 

8.30 
33.75 
48.09 
9.26 
2.82 


6,660 


Car  sam- 
ple A. 


1654 
4.80 

7.76 
31.44 
50.19 
10.61 

1.07 

&14 
66l55 

1.32 
14.41 

6,643 
11,957 


Car  sam- 
ple B. 


1660 
5.80 

8.86 
31.25 
48.23 
11.66 

2.46 

5.24 
64.29 

1.29 
15.06 

6,501 


Car  sam- 
ple C. 


1718 
6.40 

8.61 

32.40 

51.33 

7.66 

1.65 

5.38 

68.14 

1.34 

1&83 

6,796 
12,236 
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BTSAIOHO  TESTS. 


Test  137,  nUnois  No.  11  A. 


Test  115,  nilnoU  No.  11  B. 


Size  as  shipped,  screenings.    Sixe  as  used,  over  Size  as  shipped,  run  of  mine.    Size  as  used,  over 

1  Inch,  21 .2  per  cent;  }  inch  to  1  inch,  23.6  per  cent;  |  1  inch,  24.0  per  cent;  i  inch  to  1  inch,  24X)  per  cent: 

i  inch  to  )  inch,  18.2  per  cent;  under  i  inch.  37.0  i  inch  to  }  inch,  18.2  per  cent;  under  }  inch,  33.2 

percent.    Duration  of  test,  10i)3  hours.    Kind  of  |  per  cent.    Duration  of  test,  9.87  hours.    Kind  of 

grate,  rocking.  ;  grate,  plain. 


Test  138,  llUnois  No.  11  A. 

Size  as  shipped,  screenings.  Size  as  used,  over 
1  inc4i,  17.4  per  cent;  i  inch  to  1  inch,  21.9  per  cent; 
i  inch  to  4  inch,  15.6  i)er  cent;  under  i  inch,  45.1 
per  cent.  Duration  of  test,  10.03  hours.  Kind  of 
grate,  rocking. 

Test  139,llllnoiH  No.  11  A. 

Size  as  shipped,  screenings.  Size  as  used,  over 
1  inch,  17.3 percent;  ^  inch  to  1  inch,  19.1  percent; 
i  inch  to  J  inch,  15JJ  per  cent;  under  \  inch,  47JR 
per  cent.  Duration  of  test,  9.93  hours.  Kind  of 
grate,  rocking. 

Test  141,  Illinois  No.  11  A. 

Size  as  shipped,  screenings.  Size  as  used,  over 
1  inch,  20.4  per  cent;  )  inch  to  1  inch,  25.3  per  cent; 
i  inch  to  i  inch,  18.5  per  cent;  under  i  inch,  35 JH 
per  cent.  Duration  of  test,  7.08  hours.  Kind  of 
grate,  plain. 

Test  lll,Illinol8  No.  11  B. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  39.4  per  cent;  ^  inch  to  1  inch,  25.2  per  cent; 
i  inch  to  i  inch,  14.5  per  cent;  under  i  inch,  20.9 
per  cent.  Duration  of  test,  10.08  hours.  Kind  of 
grate,  rocking. 

Test  lis,  IlUnols  No.  11  B. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  28.9  per  cent;  Jinch  to  1  inch,  21 .3  per  cent; 
\  inch  to  i  inch.  17.8  per  cent;  under  }  inch,  32.0  per 
cent.  Duration  of  test,  10.07  hours.  Kind  of 
grate,  rocking. 


Test  116,  Illinois  No.  11  B. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  40.1  Iter  cent;  i  inch  to  1  inch,  21.6  per  cent; 
i  inch  to  J  inch,  15.2  per  cent;  under  I  inch,  23.1 
per  cent.  Duration  of  test,  6X)5  hours.  Kind  of 
grate,  plain. 

Test  117,  IlUnolM  No.  11  B. 

Size  as  shipped,  lump.  Size  as  used,  over  I 
inch,  33.6  percent;  i  inch  to  1  inch,  24.8  per  cent:  i 
inch  to  i  inch,  10.3  per  cent;  under  i  inch,  25.3  per 
cent.  Duration  of  test,  10.1  hours.  Kind  of 
grate,  plain. 

Test  118,  IlUnois  No.  11  B. 

Size  as  shipped,  lump.  Size  as  used,  over  1 
inch,  20.4  per  cent;  )  inch  to  1  inch,  18.2  per  cent;  i 
inch  to  i  inch,  17.4  per  cent;  under  \  inch,  4iJ0  per 
cent.  Duration  of  test,  9.9  hour8%  Kind  of  grate, 
plain. 

Test  119,  IlUnois  No.  11  B. 

Size  as  shipped,  lump.  Size  as  used,  over  1 
Inch,  27.6  per  cent;  }  inch  to  1  inch,  24.5  per  cent; 
i  inch  to  i  inch,  18.3  per  cent;  under  i  inch,  29i) 
per  cent.  Duration  of  test,  10.07  hours.  Kind  of 
grate,  plain. 

Test  120,  IlUnois  No.  11  C,  washed. 

Size  as  shipped.  No.  4  washed.  Size  as  used, 
over  1  inch,  0  per  cent;  i  inch  to  1  inch,  16.4  per 
cent;  i  inch  to  i  inch,  45.8  per  cent;  under  i  inch, 
37.8  per  cent.  Washed  at  mine.  Duration  of 
test,  9.95  hours.    Kind  of  grate,  rocking. 
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MISCELLANEOUS   ITEMS. 


Heatinff  value  of  coal,  B.  T.  U.  per 
pound  dry  coal 

Force  of  draft: 

Tnder  stack  damper inch  water. . 

Above  flre do 

Furnace  temperature "F.. 

Dry  coal  used  per  square  foot  of  grate 
surface  per  hour pounds. . 

Eoui  valent  water  evaporated  per  square 
foot  of  water-beating  surface  per 
hour pounds. . 


Percentage    of    rated    horsepower    of 
boiler  developed .., 


Water  apparently  evaporated  per  pound 
of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired. .  .pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

EflSciency  of  boiler,  Including  grate,  per 
cent , 


Test  137. 


12,348 


0.60 
.16 


Coal  as  fired: 

Per  indicated  horsepower  hour.  .lbs. . 

Per  electrical  horsepower  hour. . .  do . , 
Dry  coal: 

Per  indicated  horsepower  hour. .  .do. . 

Per  electrical  horsepower  hour. .  .do. , 


20.  g« 

3.17 
88.8 


7.76 
8.42 
10.19 

64.51 

3.64 
4.fiO 

3.36 
4.14 


Test  138. ,  Test  139.   Test  141. 


Test  111.  Test  112. 


12,150 

0.60 

.18 

2376 

19.94 

2.97 
83.4 
6.59 

7.68 
&32 
10.13 

66.06 

3.68 
455 

3.40 
4.20 


0.62 

.18 

2435 

19.70 

3.06 
85.8 
6.86 

8.02 
8.67 
10.42 

68.33 

3.53 
4.35 

3.26 
4.03 


12,605 


0.60 
.15 


12,643 


0.55 


18.81 

3.11 
87.3 


24.35 


12,775 


0.48 
.27 


I 


2.93  I 
82.0 


0.58 
7.66 

b.'£6 
0  6.15 

8.29 

6.70 

9.70 

8.21 

64.02 

51.18 

3.69 

4.60 

4.56 

5.G8 

3.41 

4.22 

4.21 

5.21 

22.36 

2.90 
81.2 
5.59 

a  6.  50 
7.23 
8.99 

54.65 

4.29 
5.30 

3.01 
4.83 


Ueatins  value  of  coal,  B.  T.  U.  per 
pound  dry  coal 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature **F.. 

Dry  coal  used  per  square  foot  of  grate 
surface  per  hour pounds. . 

Eauivalent  water  evaporated  per  square 
foot  of  water-heating  surface  per 
hour pounds. . 

Percentage  of  rated  horsepower  of 
boiler  developed 

Water  apparently  evaporated  per  pound 
of  coal  as  fired pounds.. 

Water  evaporated  from  and  at  212''  F.: 

Per  pound  of  coal  as  fired. .  .pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate,  per 
cent 


Coal  as  fired: 

Per  indicated  horsepower  hour.  .lbs. 

Per  electrical  horsepower  hour. .  .do. 
Dry  coal: 

Perindtoated  horsepower  hour. .  .do. 

Per  electrical  horsepower  hour. .  .do. 


Test  115. 


12,321 


0.61 
.26 


Test  116.  Test  117. !  Test  118. 


12,933  I      12,537 


0.49 

.22  ! 


0.50 
.20 


22.89 

3.42 

I 

96.0 
5.82  I 

06.83 
7.49 
9.20  I 

58.71  ; 

4.14 
5.11 

3.78 
4.^66 


I 


24. 19 ; 

i 

•3.61 
101.3    I 
5.86  i 


23.80 

3.42 

95.8 

5.73 


12,801 

0.39 
.16 


23.16 


Test  119. 


13,079 

0.67 
.25 


25.70 


Test  120. 


13,370 

0.58 
.23 


06.94 

0  6.71 

7.48 

7.19 

8.79 

8.51 

55.85 

55.38 

4.07 

4.21 

5.03 

5.20 

3.78 

3.93 

4.67 

4.85 

3.32 

3.75 

93.1 

105.0 

5.76 

5.81 

a6.74 

a6.84 

7.19 

7.31 

8.46 

8.46 

54.26 

53.97 

4.19 

4.13 

5.18 

5.10 

3.94 

3.87 

4.85 

4.78 

25.41 

3.55 
99.5 
6.03 

07.08 
7.79 

8.74 

56.27 

3.99 
4.93 

3.63 
4.48 


•  A  better  evaporation  would  have  been  obtained  if  boilers  and  gas-sampling  apparatus  had  been  In 
better  condition,  m  they  were  later. 
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ANALYSES. 


Test  137. 

Test  138. 

Test  139. 

Test  141. 

Test  111. 

Test  112. 

Proximate. 
Moisture 

7.84 
28.08 
51.54 

12.54 

7.66 
29.76 
48.65 
13.93 

7.54 
30.09 
49.31 
13.06 

7.65 
30.06 
50.50 
11.79 

8.17 
31.53 
48.21 
12.09 

8.93 

Volatile  matter 

30.73 

Fixed  carbon 

48.21 

Ash 

12.13 

Sulphur 

100.00 
2.35 

100.00 
2.16 

100.00 
2.57 

100.00 
2.09 

loaoo 

2.82 

100.00 
2.33 

UUimtUe. 
Carbon  o 

70.06 
4,50 
7.89 
1.39 
2.55 

13.61 

60.00 
4.43 
7.76 
1.38 
2.34 

15.09 

09.44 
4.46 
7.83 
1.37 
2.78 

14.12 

7a  99 
4.56 
8.01 
1.41 
2.26 

12.77 

70.54 
4.57 
7.20 
1.46 
3.07 

13.16 

70.22 

Hydrogen  * 

4.65 

Oxygen «» 

7.84 

Nitrogen  a 

1.41 

Sulphurs 

2.56 

Ash • 

13.32 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

UUimale. 

Carbon* 

Hydrogen  « 

Oxygens 

Nitrogen  o 

Sulphur 

Ash 


Test  115. 

Test  116. 

Test  117. 

Test  118. 

Test  119. 

Test  130. 

8.85 

7.29 

6.69 

6.16 

6.43 

9.14 

28.12 

31.34 

32.95 

33.21 

32.23 

31.03 

48.08 

60.07 

47.59 

48.91 

50.58 

52.33 

14.95 

11.30 

12.77 

11.72 

10.76 

7.50 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

2.24 

2.50 

3.47 

3.14 

2.22 

1.64 

67.72 

71.07 

60.56 

70.90 

71.96 

74.65 

4.49 

4.70 

4.52 

4.60 

4.77 

4.85 

7.57 

7.92 

7.08 

7.20 

7.95 

8.96 

1.36 

1.42 

1.44 

1.46 

1.44 

1.47 

2.46 

2.70 

3.72 

3.35 

2.37 

1.80 

16.40 

12.19 

13.68 

12.49 

11.51 

8.25 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

o  Figured  from  car  sample. 


PRODUCER-OAS  TESTS. 


Teftt  30,  nUnols  No.  11  A. 

Size  as  shipped,  egg.    Size  as  used,  not  deter- 
mined.   Duration  of  test,  53  hours. 

A  verage  electrical  horsepower 210. 0 

Average  B.  T.  U.  gas,  per  cubic  foot 173. 4 

Total  coal  fired pounds. .  15, 450 

Test  80,  IlUnois  No.  1 1  C. 

Size  as  shipped,  No.  5  washed.    Size  a«  used,  not 
determined.    Duration  of  test,  54  hours. 

Average  electrical  horsepower 173. 9 

Average  B.  T.  U.  gas,  per  cubic  foot 109. 8 

Total  coal  fired pounds. .  13,650 


Test  42,  IlliiioiH  No.  11  D. 

Size  as  shipped,  No.  3  washed.    Size  as  used, 
not  dctorrainod.    Duration  of  test,  SO  hours. 

Average  electrical  horsepower 201.0 

Average  B.  T.  U.  gas,  per  cubic  foot 146.1 

Total  coal  fired pounds..  12,600 

Test  48,  minols  No.  11  D. 

Size  as  shipped,  No.  3  washed.    Size  as  used, 
not  determined.     Duration  of  test,  50  hours. 

Average  electrical  horsepower 202. 5 

Average  B.  T.  IT.  gas,  per  cubic  foot 154.9 

Total  coal  fired pounds. .  12,450 


TESTS — ILIJNOI8. 
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COAL  CONSUMED  IN  PBODUCER  (POUNDS  PER  HORSEPOWER  PER  HOUR). 


Per  electrical  banepawDr: 

Available  for  oiiUide 
piiriHMi »__,.-..... 

Dnvrlowd  mi  twitch 

board , . , . . 

Per  hrakii  honwpowpr' 

Av&llablv  Iqt  outftidn 
purposes....,...,.,. 

D^velnprd  at  pngliw . . 

Kquii'oient  uffd  t>jf  /;rria- 
duttr  plant. 

Pter  <*kictftCAt  bors^po  WD  r : 

AvdJlable  for  outside 
purpofteft 

Pevelopcd  Mt  ftwltch 
boATd 

IVr  brake  borwpower: 
A  V  All  Able  for  outntfUi 
pur|KHie0.... 

Deireloped  at  engltw. 


TMiaa. 


Teit  3S. 


Cottl 

OS 

filed. 


L2ti 
1. 18 


1.40 


L3a 


1.^ 
1.29 


1. 10 


1.23 


1.22 
IJ4 


J,  04 
.ST 


1,28 
l.]« 


1,09 


Coal 


3.27 


2.08 
Z.78 


3L4A 


Dry 

i^oal. 


3.0fl 
2.85 


CCRD- 

bu»- 
Uble. 


2.47 


1 43  I  3. 10 


3.tft 

&0B 


2,7^     2.90 
XH\  2.30 


Tc4t  42. 


1.34 
1.25 


1,14 

L07 


1,47 


1.32 
1   ffi 


1.04 
.*7 


CODl- 

bUA- 

tlble. 


L12 
LOG 


.00 
.90 


1.34     L24 

h^\  tin 


L2S  I  1.14     1.05 
1.17  I  1.07      .m 


Tsit4a 


fliwd.  ™*^^   ttble. 


.ai 


1.11 
l.flA 


LIB 

1.37 


i.ao 
i.is 


L02 
.93 


Ml 
L04 


.94 


\ 

IM       1.34 
L  20  i     1.  te 


L24     1.14       1,05 

1.16  I  t.07  j      ,W 


ANALYSES. 


Moistare 

Volatile  matter. 
Fixed  carbon... 
Aah 


Sulphur. 


Coal. 


Qas  by  volume. 


Carbon  dioxide  (C0«) .. . 
Carbon  monoxide  (CO) . 

Hydrogen  (Hj) 

Methane  (CH4) 

Nitrogen  (Nt) 

Oxygen  (Oi) 


Test  30. 


7.08 
32.62 
49.44 
10.86 


100.00 
Z09 


6.3 
19.7 
9.7 
6.2 
58.1 


100.0 


Test  36. 


12.78 
28.03 
47.63 
11.  S6 


100.00 
1.65 


Test  42.     Test  48. 


8.67 
30.69 
53.36 

7.28 


12.2 
12.6 
9.5 
3.5 
62.1 
.1 

100.0 


100.00 
1.53 


ia2 

18.3 
13.2 
2.6 
66.7 


100.0 


7.99 
32.08 
52.76 

7.17 


100.00 
1.56 


7.4 
22.9 
13.4 

2.4 
53.9 


100.0 
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OPERATIONS    OF   FUEL-TESTING    PLANT   IN    1905. 


COKINO  TE8T. 
Test  5,  nUnoiH  No.  11  D. 

Size  aa  shipped,  No.  3  washed.    Size  as  used,  finely  crushed.    Duration  of  test,  48  hours. 

Coal  charged pounds. .  10,000 

Coke  produced do 5, 400 

Breeze  produced do 300 

Coke  produced 1 per  cent . .  64. 00 

Breeze  produced ! do 3. 00 

Total  percentage  yield 57. 00 

•  Remarks.  -I.Ight-gray  and  silvery  color.    Good,  strong  coke.    Might  l^e  improved  by  washing, 
reducing  ash. 

ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon... 

Ash 

Sulphur 


Test  5. 


Coal. 

Coke. 

&24 

1.19 

31.64 

.93 

52.81 

85.97 

7.31 

11.91 

1.55 

1.44 

ILLINOIS  NO.  1«. 

Bituminous  coal  from  Bush  No.  1  mine,  Western  Coal  and  Mining  Company,  Bush, 
Williamson  County,  111.,  on  the  St.  Louis,  Iron  Mountain  and  Southern  Railway. 

This  sample  consisted  of  run-of-mine  coal  and  was  shipped  under  the  supervision  of 
Inspector  J.  W.  Groves.  The  following  tests  were  made:  Washing  test  No.  106,  steaming 
tests  Nos.  127,  128,  131,  133,  136,  and  steaming  test  on  washed  coal  No.  135. 

Two  mine  samples  were  taken  from  the  following  places  in  the  mine:  No.  1683  from 
room  10  off  the  first  entry  east,  on  the  east  side,  1,000  feet  northeast  of  the  shaft;  No. 
1688  from  the  first  north  entry,  1 ,000  feet  northwest  of  the  shaft. 

OEEIQOAL  ANALTSES. 


Mine  samples. 


Laboratory  number. 
Air-drying  loss 


B 


Moisture 

Volatile  matter  . 

Fixed  carbon 

(Ash 

(Sulphur 

Hydrogen 

Carbon 


g  Nitrogen 

loxygim 

Calorific  value  dotermiiiod: 

Calorics 

British  thermal  units. . 


1683 
5.20  I 

8.29 
31.19 
49.69 
10.83 

2.81 


6,576 
11,837 


5.60 

8.41 
34.27 
45.44 
11.88 

a63 


Car 
sample, 


1762 

aeo 

8.20 
32.26 
46.59 
12.95 

3.48 

5.09 
62.52 

1.10 
14.86 

6,312 
11.362 


TK8T8 — ILLINOIS. 
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STSAIONO  TESTS. 


Test  127,  Illinois  No.  12. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  30^  per  cent;  |  inch  to  1  inch,  26.5  per  cent ; 
J  inch  to  i  inch,  17.1  per  cent;  under  \  inch,  25.6  per 
cent.  Duration  of  test,  10.03  hours.  Kind  of 
grate,  plain. 

Test  128,  Illinois  No.  12. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  46.4  per  cent;  i  inch  to  1  inch,  21.2  per  cent; 
\  inch  to  i  inch.  12.3  per  cent;  under  { inch,  20.1  per 
cent.  Duration  of  test,  10.05  hours.  Kind  of 
grate,  plain. 

Test  131,  Illinois  No.  12. 

Size  as  shipped,  run  of  mine.  Size  as  used,  ov^r 
1  inch,  23.8  per  cent;  J  inch  to  1  inch,  18.1  p?rcrnt; 
i  inch  to  i  inch,  16.6  per  cent;  under  \  inch,  41.5 
per  cent.  Duration  of  test,  10  hours.  Kind  of 
grate,  rocking. 


Test  133,  Illinois  No.  12. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  26.4  per  cent;  §  inch  to  1  inch,  24.3  per  cent; 
\  inch  to  i  inch,  17.9  per  cent;  under  \  inch  31.4  per 
cent.  Duration  of  test,  10.03  hours.  Kind  of 
grate,  rocking. 

Test  135,  IlUnois  No.  12,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  22.5  per  cent;  }  inch  to  1  inch,  28.6  per  cent; 
1  inch  to  }  inch,  24.1  per  cent;  under  J  inch,  24.8  per 
cent.  Duration  of  test,  10.03  hours.  Kind  of 
grate,  rocking. 

Test  136,  Illinois  No.  12. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  15.3  per  cent;  }  inch  to  1  inch,  22.9  per  cent; 
i  inch  to  i  inch.  2i).8  per  cent;  under  \  inch,  41  per 
cent.  Duration  of  tost,  9.68  hours.  Kind  of 
grate,  rocking. 


MISCELLANEOUS  ITEMS. 


Heating  value  of  coal,  B.  T.  U.  per  pound 
dry  coal 

Force  of  draft: 

Under  stack  damper inch  water. . 

Abo  ve  flre do 

Furnace  temperature ®F. . 

Dry  coal  used  per  square  foot  of  grate 
surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square 
foot  of  wateHieating  surface  per  hour, 
I>ounds 

Peioentag*  of  rated  horsepower  of  boiler 
developed 


Water  apparentlv  evaporated  per  pound 
of  coal,  as  Area pounds. . 

Water  evaporated  from  and  at  212  **  F.: 

Per  pound  of  coal  as  fired,  .pounds. . 

Per  i>ound  of  dry  coal do 

Per  pound  of  combustible do 

Efllciency  of  boiler,  including  grate,  per 
cent 


Coal  as  filed: 

Per    indicated    horsepower    hour, 
pounds 

Per    electrical    horsex>ower    hour, 
pounds 

Dry  coal: 

Per    indicated    horsepower    hour, 
pounds 

Per    electrical    horsepower    hour, 
pounds 


Test  127. 


11,963 


0.50 
.19 


Test  128. 


21.49 

3.35 

94.00 

6.17 

7.15 
7.81 
9.60 

63.04 

3.96 

4.88 

3.50 
4.50 


12.154 


0.46 
.19 


Test  131.   Test  133.   Test  135. 


11,709 


0.57 
.19 


21.45 

3.51 
98.3  I 
6.45  I 

7.54 
8.19 
9.84. 

65,07 

3.75 

4.63 

I 
3.45 

4.26 


20.87 

2.91 

81.5 
6.06 

7.04 
7.77 
10.19 

64.08 

4.02 
4.96 

3.64 
4.49 


11.849,       13,104 


0.65  ' 
.22  I 


0.63 
.18 


I 


22.01 

3.15 
88.20 
5.99 

7.00 
7.67 
9.73 

62.51 

104 
4.99 

3.09 
155 


I 


23.09 

3.62 
101.3  i 
6.69 

I 

7.86 
a  75 
9.99  I 

6148 

3.60  I 
144 

3.23 
3.99 


Test  136. 


11,867 


0.67 
.21 


20.77 

2.91 
81.5 
6.00 

7.00 
7.81 
9.88 

63.56 

104 
199 

3.62 
147 
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ANAL1(SE8. 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Aah 

Sul  pb  u  r 

Ultimate. 

Carbona 

Hydrogcno 

Oxygen  « 

Nitrogen  o 

Sulphur 

Ash 


Test  127. 


&49 
31.04 
45.26 
1&.22 


100.00 
3.79 


Test  128.   Test  131 


7.93 
31.85 
46.18 
14.04 


9.54 
29.52 
4a  97 
16.97 


100.00 
3.92 


65.71 
4.30 
7.97 
1.16 
4.14 

16.63 


66.76 
4.45 
8.11 
1.17 
4.26 

15.25 


100.00  I      100.00 


100.00 
4.18 


Test  133. 


&79 
30.70 
44.90 
15.61 


100.00 
4.14 


Test  135 


10.19 
3a  30 
47.27 
9.24 


Te«t  136. 


ia30 
29.30 
44.64 
15.56 


loaoo  I 

2.58  I 


loaoo 
a56 


6a  55 

65.00 

4.24 

4.33 

7.71 

7.87 

1.12 

1.14 

4.62 

4.54 

18.76 

17.12 

72.02  ! 
4.82  j 
8.73  I 
1.27 
2.87  j 

10.29 


G5.23 
4.36 
7.91 
1.15 
a97 

17.38 


100.00         100.00        100.00 


100.00 


<s  Fifirured  from  car  sample. 

WABHXHO  TEST. 
Tent  106,  nUnols  No.  12. 

Size  as  shipped,  run  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modlflled. 

Raw  coal pounds . .  18, 000 

Washed  coal do....  15,900 

Refuse do....    2,100 

ANALYSES. 


Teat  106. 

Raw  coal. 

Washed 
coal. 

Moisture 

a20 
32.26 
46.50 
12.95 

a48 

ia3o 

Volatile  matter ; . . . 

Fixed  carbon .  . 

Ash 

8.91 

Sulphur 

2.48 

ILLINOIS  NO.  13. 

Bituminous  coal  from  Benton  mine,  Benton  Coal  Company,  Benton,  Franklin  County, 
111.,  on  the  Chicago  and  Eastern  Illinois  Railroad. 

This  sample  was  shipped  as  egg  coal,  which  at  this  mine  passes  through  a  6-inch  screen 
and  over  a  IJ-inch  screen.  It  was  loaded  under  the  supervision  of  Inspector  J.  W.  Groves, 
and  used  in  making  the  following  tests:  Washing  test  No.  107,  coking  tests  Nos.  2  and  3, 
steaming  tests  Nos.  132,  134,  and  144,  and  steaming  test  on  washed  coal  No.  145;  also 
producer-gas  test  No.  41. 

A  sample  for  chemical  analysis  was  taken  on  each  side  of  the  mine.  No.  1695  was  cut 
from  the  main  entry,  80  feet  south  from  the  shaft,  and  No.  1694  was  cut  in  the  main  entry, 
100  feet  north  of  the  shaft. 


TESTS — ILLINOIS. 
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OHSICOAL  AVALY8E8. 


Laboratory  nuraber. 
Air-dr^'ing  loss 


Moisture 

V  olatile  matter 

Fixed  carbon 

|\8h 

jsulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  valuo  determined: 

Calories 

British  thermal  units. . 


Mine  samples. 


1695 
5.30 

10.28 
32.04 
49.74 
7.94 
LOG 


1604 
5.20 

9.46 
33.55 

48.87 
8.12 
1.63 


6,661 
11,990 


Car  sam- 
ple. 


1786 
4.60 

8.31 
31.65 
49.56 
10.48 

1.55 

5.18 
65.83 

1.48 
1&48 

6,515 
11,727 


Test  13S,  lUinois  No.  13. 


sTSAnnro  tests. 

Test  144,  Illinois  No.  13,  washed. 


Size  as  shipped,  U  inch  to  6  inch,  egg.  Size  as 
used,  over  1  inch,  31.0  per  cent;  \  inch  to  1  inch, 
22.6  per  cent;  J  inch  to  ^  inch,  15.0  per  cent;  under 
I  inch.  31.4  percent.  Duration  of  test.  9.98  hours. 
Kind  of  grate,  rocking. 

Test  134,  Illinois  No.  13. 

Size  as  shipped,  1}  Inch  to  6  inch,  egg.  Size  as 
used,  over  1  inch,  23.8  per  cent;  }  inch  to  1  inch, 
23.8  per  cent;  }  inch  to  i  inch,  20.8  per  cent;  under 
\  inch.  31.6  per  cent.  Duration  of  test,  10.02  hours. 
Kind  of  grate,  rocking. 


Size  as  shipped,  1)  inch  to  6  inch,  egg.  Size  as 
used,  over  1  inch,  30.0  per  cent;  }  inch  to  I  inch, 
27.2  per  cent;  \  inch  to  i  inch,  19.0  per  cent;  under 
\  inch,  23.8  per  cent.  Duration  of  test,  8.95  hours. 
Kind  of  grate,  plain. 

Test  145,  Illinois  No.  13,  washed. 

Size  as  shipped.  1)  inch  to  6  inch,  egg.  Size  as 
used,  over  1  inch,  25.2  per  cent;  i  inch  to  1  inch, 
18.7  per  cent;  J  inch  to  J  inch.  20.1  per  cent;  under 
\  inch.  36.0  per  cent.  Duration  of  test,  7.63  hours. 
Kind  of  fiprate,  rocking. 


MISCELLANEOUS  ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  Are do... 

Furnace  temperature ''F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour. 


pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heat- 
mg  surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  Iwiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired, 
pounds 

Water  evaporated  from  and  at  212^  F.r 

Per  pound  of  coal  as  fired pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler.  Including  grate per  cent. . 

Coal  as  fired: 

Per  Indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  132.   Test  134.   Test  144.   Test  145. 


12,5 


0.48 
.13 


3,37 
94.5 

6.57 

7.67 
8.52 
10.16 
65.67 

3.69 
4.55 

3.32 
4.10 


0.65 
.18 


22.55 

a39 
95.0 

6.48 

7.58 
a39 
9.83 
6a  96 

3.73 
4.61 

3.37 
4.\G 


13,261 


0.45 
.10 


20.42 

3.70 
103.8 

7.05 

&20 
9.08 
10.09 
66.12 

3.45 
4.26 

3.12 


13,306 

0.46 
.13 


\ 


20.14 

3.38 
94.7 

7.16 

8.37 
9.36 
10.36 
67.93 

3.38 
4.17 

3.02 
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ANALYSES. 


Proximate. 


Moisture 

Volatile  matter, 
i'ixed  carbon . . . 
Ash 


Test  132.   Test  134.   Test  144.   Test  145. 


9.05 
30.22 
47.73 
12.10 


Sulphur. 


Ultimate. 


Carbon  <» 

Hydrogen  o. 

Oxygeno 

Nitrogeno.. 

Sulphur 

Ash 


100.00 
1.32 


70.32 
4.55 
aG4 
1.58 
1.47 

13.44 


100.00 


9.04 
30.50 
48.81 
11.05 


100.00 
1.59 


71.07 
4.60 
8.76 
1.50 
1.76 

12.23 


100.00 


9.67 
32.50 
5a  18 

7.56 


100.00 
1.30 


74.52 
4.83 
9.17 
1.67 
1.44 
8.37 


loaoo 


10.60 

31.38 

5a  84 

7.18 


100.00 
1.34 


74.77 
4.84 
9.18 
1.68 
1.50 

ao3 


loaoo 


o  Figured  from  car  sample. 

FR0DV0EK-OA8  TEST. 
Test  41,  lUinolH  No.  13. 

Size  as  shipped,  U  Inch  to  6  inch,  egg.    Size  as  used,  not  determined.    Duration  of  test,  50  hours. 

Average  eloctrital  horsepower 208. 7 

-Vvoragc  B.  T.  U.  gas.  per  cubic  foot 156.8 

Total  coal  tired pounds. .  16,950 


Test  41. 


I*er  electrical  horsepower: 

Available  for  outside  pii rpow^s 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  jtlant. 
Per  electrical  horsepower: 

Available  for  outside  purposes 

JH'velopcd  at  switch  board 

Per  brake  horsepower: 

.\vanable  for  outside  purpows 

Developed  at  engine 


Coal  as 
fired. 


1.72 
1.63 


1.46 
1.38 


1.84 
1.74 


1.56 
1.48 


Dry 
coal. 


Combus- 
■     tible. 


1.57 

1.39 

1.48 

1.32 

1.33 

1.18 

1.26 

1  12 

1.68 

1.49 

1.59 

1  41 

1.42 

1.26 

1.35 

1.20 

ANALYSKS. 


Coal. 


.Mcistim* 

Volatile  matter. 
Fixed  carbon. . . 
Ash 


Sulphur. 


Test  41. 


8.72  I 
31.07  : 
49.94  ' 
10.27 

100.00 
1.66 


Oas  by  volume. 

Carbon  <lioxlde  (CO,) 

j  Carbon  monoxide  (CO) 

I  Hydrogen  (II ji 

I  Methane  (CHO 

Nitrogen  ( Nt) 


Test  41. 


8.1 
21.0 
11.6 

3.1 
56.2 


loao 


TESTS ILLINOIS. 
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WA8HIN0  TEST. 

TeHt  107.  IlliiioiM  No.  13. 

Size  as  shipped,  1}  Inch  to  6  inch,  egg.    Size  as  usod,  crushed  to  2  inches.    Jig  used,  Stewart  raodifleJ. 

Raw  coal pounds . .  29,950 

Washed  coal do 27,550 

Refuse do....    2,400 

ANALYSES. 


Test  107. 


Moisture 

Volatile  matter 
Fixed  carbon... 

Ash 

Sulphur 


Raw  coal. 

8.31 
31.65 
49.56 
10.48 

1.65 


I    Washed 
coal. 


11.15 


7.49 

1.27 


COKIKO  TESTS. 


Test  9,  IlllnolN  No.  13,  washed. 

Size  as  shipped,  IH^ch  to  6-inch  egg.    Size  as 
used,  finely  crushed.    Duration  of  test,  65  hours. 

Coal  chaiged pounds. .  10,000 

Coke  produced do 4, 600 

Breeze  produced do 718 


Coke  produced per  cent. .    46.00 

Brreze  produced do 7. 18 

Total  i)ercentage  yield 53. 18 

Remarks.— Good    hard    coke.     Washihg    im- 
proves product  both  in  ash  and  sulphur. 


Test  3.  IlUnois  No.  13. 


Size  as  shipped,  li-ineh  to  6-inch  egg.  Size  as 
used,  finely  crushed.  Raw.  Duration  of  test,  65 
hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 5,358 

Breeze  produced do 1,327 

Coke  produced per  cent. .    44. 65 

Breeze  produced do 11.06 

Total  percentage  yield 55. 71 

Remarks.— Coko  has  dull  appearance.  Softer 
than  coke  from  washed  coal.  Seasoned  ovens 
would  probably  give  better  results. 


ANALYSES. 


Moisture 

Volatile  matter. 
Fixed  carbon . . . 

Ash 

Sulphur 


Test  2. 
Coal.         Coke. 


11.44 
30.95 
50.16 
7.45 
1.25 


4.60 

10.56 

1.68 

30.08 

82.08 

49.08 

11.64 

10.28 

1.27 

1.71 

Test  3. 
Coal.     I    Coke. 


2.73 

1.36 

79.30 

16.61 

J.  77 


ILLINOIS  NO.  14.a 

Bituminous  coal  from  No.  2  mine,  Capital  Coal  Company,  ea^it  side  of  Springfield,  Sanga- 
mon County,  III.,  on  the  Illinois  Central  Railroad. 

This  sample  was  shipped  under  the  supervision  of  Inspect^jr  J.  W.  Groves  and  consisted 
of  lump  coal.  In  making  lump  coal  at  this  mine  it  is  passed  over  a  l^-inch  bar  scre<»n. 
The  following  tests  were  made  on  this  coal:  Washing  test  No.  105,  steaming  tests  Nos. 
123  and  125,  and  steaming  test  on  washed  coal  No.  130;  also  producer-gas  test  No.  37. 

Two  mine  samples  were  cut  from  widely  separated  points  in  the  mine.  No.  1704  was 
taken  from  the  face  of  room  30  off  the  twenty-first  south  entry,  1  mile  southeast  of  the 
shaft;  No.  1705  was  taken  in  the  sixteenth  entry  off  the  fourth  "stub*'  entry,  4,000  feet 
Dortheast  of  the  shaft. 
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OESMIOAL  AHALT8S8. 


Lal>oratory  number. 
Alr-dr>'ing  loss 


Moisture 

Volatile  matter 

Fixed  carbon 

JAsh 

jsulphur 

Hydrogen 

Carbon 

Nitrogen ^ 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . . 


Mine  samples. 


1704 
10.80 

13.89 
33.96 
40.89 
11.26 
3.83 


1705 
11.20 

14.45 
34.79 
40.10 
10.66 
3.46 


5,009 
10.636 


Car 
sample. 


1740 
8.00 

12.77 

34  68 

40.77 

11.78 

4.16 

5u49 

58.74 

1.09 

18.74 

5,976 
10,757 


oThis  sample  was  furnished  by  the  Illinois  Central  Railroad. 


STEAXnrO  TESTS. 


Test  123,  lUinols  No.  14. 


Sixe  as  shipped,  lump.  Size  as  used,  over  1 
inch,  23.3  per  cent;  )  inch  to  1  inch,  27.9  per  cent; 
I  inch  to  i  inch,  19.6  per  cent;  under  I  inch,  29.2 
per  cent.  Duration  of  test,  9.95  hours.  Kind  of 
grate,  rocking. 

Test  125,  lUinoiM  No.  14. 

Size  as  shipped,  lump.  Size  as  used,  over  1 
inch,  30.4  per  cent;  i  inch  to  1  inch,  25.2  per  cent; 


i  inch  to  i  inch.  17.7  per  cent;  under  \  inch,  26.7 
per  cent.  Duration  of  test,  9.87  hours.  Kind  of 
grate,  plain. 

Test  130,  Illinois  No.  14,  washed 

Size  as  shipped,  lump.  Size  as  used,  over  1 
inch,  21.4  per  (^nt;  ^  inch  to  1  inch,  27.7  per  cent; 
i  inch  to  ^  inch,  25  per  cent;  under  {  inch,  259 
per  cent.  Duration  of  test,  9.92  hours.  Kind  of 
grate,  plain. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U .  per  p<mnd  dry  coal . 

Forre  of  draft: 

Under  stack  damper Inrh  water. 

Above  fire do... 

Furnace  temperatum <*  F 

Dry  coal  used  per  squan^  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  Hurfaoe 
per  hour pounds. . 

Percentage  of  rated  horstipowcr  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired poimds. . 

Wat<T  evaporated  from  and  at  212®  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  conibustiUle do 

EfTlciency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour  do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  123. 

Test  125. 

Test  130. 

12,008 

12,125 

12,731 

0.60 

0.57 

0.52 

.28 

.20 

.14 

TESTS — ILLINOIS. 


81 


Test  123. 

Test  125. 

Teat  130. 

ProTtmatf. 
Moistun?.. 

11.65 
34.87 
40.12 
13.56 

12.61 
33.60 
41.30 
12.49 

15.83 

Volatile  matter.... 

Fixed  carbon 

Ash 

33.50 
41.38 
9.29 

Sulphur 

100.00 
4.62 

100.00 
4.13 

100.00 
3.24 

Uttimate. 

j  Carbon* 

Hydrogen  « 

Oxygen  o 

Nitrogen  o 

Sulphur 

Ash 


Test  123. !  Test  125. ,  Test  130. 


70.11 
4.86 
8.83 
1.31 
3.85 

11.04 


05.44 

66.  ?2 

4.53 

4.02 

8.24 

8.38 

1.22 

1.25 

5.23 

4.74 

15.34 

14.29 

100.00  ;     100.00 


100.00 


«  Figured  from  car  sample. 

FB0DTJ0SK-OA8  TEST. 

TeHt  37.  IlUnoiH  No.  14. 

Size  as  shipped,  lump.    Size  as  used,  not  determined.    Duration  of  test,  50  hours. 

.\  verage  electrical  horsepower 199. 0 

Average  B.  T.  V.  gas,  per  cubic  foot 150. 6 

Total  coal  fired pounds. .  16,050 

COAL  CONSUMED   IN   PRODUCER  (POUNDS   PER   HORSEPOWER   PER   HOUR). 


l*er  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

I*er  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

EquivalffU  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  37. 


Coal  as 
fired. 

Dry  coal. 

Combus- 
tible. 

1.78 

1.55 

1.33 

1.67 

•1.46 

1.25 

1.51 

1.32 

1.13 

1.42 

1.24 

1.07 

1.90 

1.66 

1.42 

1.79 

1.56 

1.34 

1.61 

1.41 

1.21 

1.52 

1.33 

1.14 

ANALYSES. 


Coal. 


lloistun> 

Volatile  matter. 
Fixed  carbon... 
Ash 


Sulphur. 


Bull.  290-06 6 


Test  37. 


12.68 
33.36 
41.57 
12.39 


100.00 
4.16 


Qa9  by  volume. 

Carbon  dioxide  (COf) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (lit) 

Methane  (Cn4) 

Nitrogen  ( Nt) 


Test  37. 


8.2 
21.0 
10.7 

3.2 
56.9 

100.0 
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WA8EIN0  TEST. 
Test  lOff,  lUlnols  No.  14. 

Size  as  sbippcd,  lump.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Ra w  coa  I pound  b  . .  18, 000 

Washed  coal , do 15,955 

Refuse do....    2,045 

ANALTSE8. 


Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


Test  105. 


Raw  coal. 


12.77 
34.68 
4a  77 
11.78 
4.16 


Washed 
coal. 


16.32 


9.37 
3w28 


ILLINOIS  NO.  15.a 

Bituminous  coal  from  south  mine  of  Pettinger  &  Davis,  Centralia,  Marion  County,  ID., 
on  the  Illinois  Central  Railroad. 

This  sample  was  shipped  as  lump  coal  (over  6-inch  screen),  hut  it  was  necesBaiy  to 
close  one-half  of  the  screen  while  the  car  was  being  loaded,  and  consequently  a  laiige  amount 
of  the  smaller  sizes  of  coal,  which  should  have  gone  through  the  screen,  passed  into  the  car. 
The  sample  was  inspected  by  Inspector  J.  S.  Burrows  and  was  used  in  making  the  following 
tests:  Washing  test  No.  110,  steaming  test  No.  126,  steaming  test  on  washed  coal  No. 
152,  and  producer-gas  test  No.  40. 

One  of  the  mine  samples  taken  in  this  mine  (No.  1725)  came  from  the  sixteenth  east 
entry,  3,000  feet  southcjist  of  the  shaft,  and  the  other  (No.  1726)  was  cut  from  the  four- 
teenth south  entry,  4,500  feet  southwest  of  the  shaft. 

OHEKIOAL  AHALY8E8. 


Laboratory  number . 
Air-drying  loss 


5  [Moisturb 

g  Volatile  matter 

g   Fixed  carbon 

p:l|Ash 

[Sulphur 

Si  Hydrogen 

S  Carbon 

S  Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


a  Sample  furnished  by  the  Illinois  Central  Kailroad. 


TESTS — ILLINOIS, 


88 


Test  196,  Illinois  No.  Iff. 


8TBAKIK0  TI8T8. 

Test  lff2,  Illinois  No.  Iff,  washed. 


Size  AS  shipped,  lump  and  egg.  Size  as  used, 
over  1  inch,  20.5 percent;  ( inch  to  1  inch, 25.9  per 
cent;  \  inch  to  |inch,  21.1  per  cent;  under  ^  inch, 
32.5  per  cent.  Duration  of  test,  0.B8  hours.  Kind 
of  grate,  plain. 


Size  as  shipped,  lump  and  egg.  Size  as  used, 
over  1  inch,  25.5  per  cent;  j^  inch  to  1  inch,  31.3  per 
cent;  i  inch  to  ^  inch.  21.8  per  cent;  under  \  inch, 
21.4  per  cent.  Duration  of  test,  10.03  hours. 
Kind  of  grate,  plain. 


MISCELLANEOUS  ITEMS. 


Test  152. 


Heating  value  of  coal B.T.U. per  pound  dry  coal.. 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature " F. . 

Dry  coal  used  per  square  foot  of  grate  surface,  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  wat^r-heating  surface,  per 

hour pounds. . 

Peroentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212"  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal '. do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


13,104 

0.46 

.13 

2,439 

19.63 

3.36 
94.3 
6.51 

7.57 
8.59 
9.64 
63.30 

3.74 
4.61 

3.29 
4.06 


ANALTSE8. 


Proximate, 

Moisture.... 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  126. 

Test  162. 

10.00 

11.81 

33.39 

37.09  1 

41.20 

42.69 

15.41 

8.41 

100.00 

100.00 

4.36 

3.00 

Ultimate 

Carbon«  

Hydrogen" 

Oxygeno 

Nitrogena 

Sulphur 

Ash 


^Figured  from  car  sample. 
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PB0DTJ0ER-OA8  TEST. 
Tetit  40,  IlUnols  No.  Iff. 

Size  as  shipped,  lump  and  egg.    Size  as  used,  not  determined.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 200. 5 

Average  B.  T.  U.  gas,  per  cubic  foot 142.9 

Total  coal  fired pounds. .  16,950 

COAL  CONSUMED  IN   PRODUCER   (POUNDS  PER  HORSEPOWER  PER  HQUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Pjer  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  40. 


Coal  as   T»„«^«i       Com- 
flred.     Dry  coal,  fustible. 


1.80 
1.09 


1.53 
1.44 


1.91 
1.80 


1.63  I 
1.53  I 


1.63 
1.53 


1.39 
1.30 


1.73 
1.63 


1.47 
1.38 


1.39 
1.30 


1.18 
1.11 


1.45 
1.36 


1.23 
1.16 


ANALYSES. 


Coal, 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  40. 


Oaa  by  I'olume. 

Carbon  dioxide  (CO,) 11. 1 

Carbon  monoxide  (CO) 16. 1 

IlydWgon'(Hj) 11.2 

Methane  (CHO 3.3 

Nitrogen  (Ni) 58.3 


100.0 


TESTS ILLINOIS. 
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WABHnrO  TI8T. 
Tent  110,  Illinois  No.  16. 

Size  HB  shipped,  lump  and  egg.    Size  as  used,  crashed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal : pounds..  18,000 

Washed  coal do....  13,035 

Refuse do....    4,966 

ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon.., 

Ash 

Sulphur 


ILLINOIS  NO.  16. « 

Bituminous  coal  from  mine  No.  7,  Big  Muddy  Goal  and  Iron  (Company,  Herrin,  William- 
son County,  III.,  on  the  Illinois  Central  Railroad. 

Lump  and  egg  coal  were  shipped  for  testing  under  the  supervision  of  Inspector  J.  S. 
■  Burrows.    This  mixture  is  made  by  passing  the  run-of-mine  coal  over  a  screen  with  a  3-inch 
mesh.    The  coal  was  used  in  making  washing  test  No.  Ill,  coking  tests  Nos.  7  and  10, 
steaming  test  No.  150,  and  producer-gas  test  No.  43. 

Two  mine  samples  were  taken  for  chemical  analyses  at  working  faces  in  the  mine,  as 
follows:  No.  1731  in  room  17  oflf  the  sixth  south  entry  on  the  west  side,  2,300  feet  southwest 
of  the  shaft;  No.  1732  in  room  14  off  the  fifth  north  entry  on  the  east  side,  2,400  feet  north- 
east of  the  shaft. 

OESMIOAL  AHALY8X8. 


Mine  samples.      ^^^^ 


Laboratory  number. 
Air-drying  loss 


Moisture *. . 

V^olatile  matter 

Fixed  carbon 

(Ash 
Sulphur 

Hydrogen , 

Carbon , 

Nitrogen , 

Oxygen 

Calorific  value  determined: 

Calones , 

British  thermal  units. . 


1731 
6.70 

9.37 

30.60 

S2.57 

7.37 

1.25 


6,099 
12,068 


1732 
4.80 

8.60 

31.07 

63.37 

6.97 

1.7S 


1820 
.      4.00 

8.43 

^.06 

61.89 

9.60 

1.14 

6.18 

67.33 

1.60 

16.26 

6,644 
11,950 


aFumlshed  by  the  Illinois  Central  Railroad  Company. 


86  OPERATIONS   OF  FUEL-TESTING  PLANT  IN  1906. 

BTSAXnrO  TEST. 
Test  150,  niinolii  No.  16. 

Size  as  sbipped,  lump  and  egg.  Size  as  used,  over  1  inch,  48.1  per  cent;  }  inch  to  1  inch,  21.0  per  cent; 
i  loch  to}  inch,  12.3  i)er  cent;  under  i  inch,  18.G  percent.  Duration  of  test,  7.53  hours.  Kind  of  grate, 
plain. 

MISCELLANEOUS  ITEMS. 


Ileating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper Inch  water. 

Above  Are do. . . 

Furnace  temperature ® F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  pe.-  hour do 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212®  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  ISO. 


12,874 

0.48 
.11 


19.63 
3.56 
99.8 
7.11 

8.24 
9.08 
10.42 
68.11 

3.43 
A.2A 

3.11 
3.85 


Proximate 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


UltimaU 

Carbono 

H  yd  rogen  « 

Oxygen" 

Nitrogen  a 

Sulphur 

Ash 


Teat  150. 


72.31 
4.56 
8.33 
1.60 
1.94 

11.26 


100.00 


oFigun^d  from  car  sample. 
P&0DTJCER-OA8  TEST. 
Test  43,  IlliiioiH  No.  16. 
Size  as  shipped,  lump  and  egg.    Size  as  used,  not  detorminod.    Duration  of  test,  50  hoars. 

Average  electrical  horsepower 201.1 

Average  B.  T.  U.  gas,  per  cubkr  foot •. 149.5 

Total  coal  fired pounds. .  17,250 


TESTS UiLIMOIS. 
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OOAL  OONSUMED  IN   PRODUCER  (POUNDS   PER  HORSEPOWER  PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switdi  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

EquivtilefU  lued  by  producer  ptant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Tost  43. 


Coal  as 
fired. 

S^. 

Combus- 
tible. 

1.81 

1.67 

1.48 

1.72 

1.58 

1.41 

1.54 

1.42 

1.26 

1.40 

1.35 

1.19 

1.91 

1.77 

1.57 

1.81 

1.67 

1.48 

1.62 

1.50 

1.33 

1.64 

1.42 

1.26 

Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  43. 

Tost  43. 

7.68 
30.62 
51.33 
10.37 

Gas  by  volume. 
Carbon  dioxide  (COt) 

8.0 

Carbon  monoxide  (CO) 

21.6 

Ilydroeen  (Hi) 

12.9 

Methane  (CHO 

2.7 

Nitroffpn  /N«) 

54.8 

100.00 
1.47 



100.0 

WA8EZN0  TEST. 

Test  111,  lUlnols  No.  16. 

Site  as  shipped,  lump  and  egg.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds..  14,000 

Washed  coal do 12,500 

Refuse ' do....    1,500 

ANALYSES. 


Tost  111. 


Moisture 

VoUtUe  matter 
Fixed  carbon.. 

Aah 

Sulphur 
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OOKOrO  TESTS. 


Test  7,  nUnoifl  No.  16. 


Size  as  shipped,  lump  and  egg.  Size  as  used, 
finely  crushed.    Raw.    Duration  of  test,— hours. 

i2tfmarJlr«.— Accident  to  charging  larry  necessi- 
tated discontinuing  test.  Coal  burned  to  keep 
oven  hot. 

Test  10,  niinolH  No.  16,  washed. 

Size  as  shipped,  lump  and  egg.  Size  as  used, 
finely  crushed.    Duration  of  test.  66  hours. 


Coal  charged pounds. .  10,000 

Coke  produced do 5, 579 

Breeze  produced do 910 


Coke  produced per  cent . .    55. 79 

Breeze  produced do 9. 10 

Total  percentage  yield. 64. » 

JR^mar**.— Dull-gray  color.    Poor  coke  physic- 
ally. 


ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon . . , 

Ash 

Sulphur 


Test  10. 


Coal. 

Coke. 

0.79 

2.14 

30.35 

1.46 

51.79 

83.96 

&07 

12.44 

1.00 

1.02 

ILLINOIS  NO.  18. « 

Bituminous  coal  from  La  Salle  shaft  mine,  La  Salle  County  Carbon  Cor^  Company,  La 
Salle,  La  Salle  County,  111.,  on  the  Illinois  Central  Railroad. 

The  sample  shipped  for  testing  consisted  of  lump  coal  passed  over  a  6-inch  mesh  screen. 
It  was  loaded  under  the  supervision  of  Inspector  J.  S.  Burrows,  and  used  for  the  following 
tests:  Washing  test  No.  109,  steaming  tests  Nos.  140  and  148,  steaming  tests  on  washed 
coal  Nos.  147  and  149,  and  producer-gas  test  No.  45. 

Two  mine  samples  were  taken  for  chemical  analysis,  as  follows:  No.  1741  was  cut  in  the 
twelfth  west  entry  off  the  north  entry;  No.  1742  was  cut  in  the  third  east  ent.y  off  the 
third  south  entry,  4,000  feet  from  the  shaft  and  8,000  feet  from  No.  1741. 


CHEMICAL  AHALY8E8. 


Laboratory  number. 
Air-drying  loss 


Mine  aamples. 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 


nSuIphur 

S  Hydrogen 

J  Carbon 

^  Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


1741 
11.00 

13.87 
37.26 
38.56 
10.31 
3,44 


0,108 
10.985 


1742 
11.20 

15.55 
36.21 
40.66 
7.58 
3.01 


Car 
sample. 

1779 
S.40 

12.39 
36.89 
41.80 
8.92 
3.92 
*  5.85 
61.29 
1.00 
19.02 

6.333 
11,309 


»  Sample  furni.«<hed  by  Illinois  Central  Railroad. 


TESTS — ILLINOIS. 
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STBAltDfO  TESTS. 


Test  140,  IlUnoU  No.  18. 


Size  as  shipped,  lump.  Size  as  used,  over  1  inch, 
37.3  per  cent;  }  inch  to  1  inch,  22.2  per  cent;  i  inch 
to  ^  inch,  15.9  percent;  under  \  inch,  24.6  per  cent. 
Duration  of  test,  10  hours.  Kind  of  grate,  rock- 
ing. 

Test  147,  minols  No.  18,  washed. 

Size  as  shipped,  lump.  Size  as  used,  over  1  inch, 
9.5  per  cent;  }  inch  to  1  inch,  25.5  per  cent;  \  inch 
to )  inch,  29.6  per  cent;  under  \  inch,  35.4  per  cent. 
Duration  of  test,  9.95  hours.  Kind  of  grate, 
rocking. 


Test  148,  lUlnols  No.  18. 

Size  as  shipped,  lump.  Size  as  used,  over  1  inch, 
27.1  percent;  §  inch  to  1  inch,  25.7  percent;  J  inch 
to}  inch,  17.9  per  cent;  under)  inch,  29.3  per  cent. 
Duration  of  test,  10  hours.    Kind  of  grate,  plain. 

Test  149,  llUnois  No.  18,  washed. 

Size  as  shipped,  lump.  Size  as  used,  over  1  inch, 
21.7  per  cent;  \  inch  to  1  inch,  22.7  per  cent;  i  inch 
to  i  inch,  28.8  per  cent;  under  \  inch,  26.8  per  cent. 
Duration  of  test,  5.32  hours.  Kind  of  grate, 
plain. 


MISCELLANEOUS   ITEMS. 


Heating  value  of  coal D.  T.  U.  per  pound  dry  coal.. 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature "F . . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour, 
pounds : 

Equivalent  water  evaporated  per  square  foot  of  water- 
heating  surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  deveIoi>ed 

Water  apparently  evaporated  per  pound  of  coal  as  fired, 
pounds 

Water  evaporated  from  and  at  212**  F.: 

Per  pound  of  ooal  as  fired pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efllciency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  140. 


12.951 


0.63 
.18 


Test  147.    Test  148.    Test  149. 


18.51 

2.86 
80.1 

6.51 

7.60 

8.61 

9.90 

64.20 

3.72 
4.59 

3.28 
4.06 


13,554 

0.57 
.17 


19.53 

3.12 

87.4 

6.49 


3.74 
4.61 


3.17 
3.92 


12.991 


0.53 
.19 


18.86 

2.99 
83.9 

6.13 


7.57  7.06 

8.91  7.94 

9.86;  9.13 

63.48  59.02 


4.01 
4.95 


3.56 
4.40 


13,432 

0.56 

.14 

2060 

17.83 

3.29 
92.2 

6.61 

7.70 
9.23 
10.08 
66.36 

3.67 
4.53 

3.06 
3.78 


ANALYSES. 


Test  140. 

Test  147. 

Test  148. 

11.10 
37.11 
42.14 
9.65 

Test  149. 

Proximate. 
Moisture 

11.72 
37.27 
41.73 
9.28 

14.99 
37.24 
42.00 
5.77 

16.64 

Volatile  matter 

36.13 

Fixed  carbon 

41.51 

Ash 

5.72 

Sulplmr 

100.00 
4.07 

100.00 
2.98 

100.00 
3.37 

100.00 
2.72 

90  OPEBATIONS    OF   FUEL-TESTING    PLANT   IN  1905. 

ANALYSES — Continued. 


UltimaU. 

Carbon  o , 

Hydrogen  a 

Oxygon  o 

Nitrogen  o 

Sulphur 

Aah 


Test  140. 


Test  147. 


(10.57 

73.53 

5.09 

5.36 

9.09 

9.61 

1.13 

1.20 

4.61 

3.51 

ia5i 

6.79 

Test  148. 


09.97 
5.11 
9.14 
1.14 
3.79 

lass 


100.00 


100.00      loaoo 


Test  149. 


73.68 
6.37 
9.63 
1.20 
3.26 
0.86 


luaoo 


o  Figured  from  car  sample. 
FR0DTJ0E&-OA8  TEST. 
Test  45,  lIUnoiH  No.  18. 

Size  as  shipped,  lump.    Size  as  used,  not  determined.    Duration  of  test.  5o  hours. 

Average  electrical  horsepower 201. 7 

Average  B,  T.  U.  gas.  per  cubic  foot 147.7 

Total  coal  fired pounds. .  16,200 

CK)AL   (X>NSUMED   IN    PRODUCEK    (POUNDS   PER    HORSEPOWER   PER   HOUR). 


Per  cicatrical  horsepower: 

Available  for  outside  purpo.sca 

Developed  at  switch  hoard 

Per  brake  horsepower: 

Availal>lc  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 
Per  electrical  horsepower: 

Available  for  outside  purpo.ws 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purpost'.s 

Developed  at  engine 


Test  45. 


Coal  as 
fired. 


1.71 
1.61 


1.45 
1.37 


1.85 
1.74 


1.57 
1.48 


^T 

Com- 
busti- 
ble. 

1.49 

1.31 

1.40 

1.23 

1.26 

1.12 

1.19 

1.05 

1.61 

1.42 

1.51 

1.33 

1.36 

1.21 

1.28 

1.13 

ANALYSES. 


Test  45. 


1 


Coal. 

Moisture 13. 19 

Volatile  matter i  35. 93 

Fixed  carbon ;  40.. 84 

Ash 10.04 

100.00 

Sulphur j  4. 50 


GFos  6y  volume. 

Carbon  dioxide  (COf) 

Carbon  monoxide  (CO).... 

Hydrogen  (Hj) 

Methane  (CHO 

Nitrogen  (Nf) 


Test  45. 


U.4 
17.2 
12.8 
3.2 
55.4 


loao 
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WABHnrOTXST. 
Test  109,  IlUnois  No.  18. 

Size  as  shipped,  lump.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified 

Raw  coal pounds . .  18, 000 

Washed  coal do...  14.400 

Refuse do...    3,600 

ANALTSBS. 


Test  109. 

Raw  coal. 

Washed 
coal. 

Moisture 

12.39 
36.  gg 
41.80 
8.92 
3.92 

14.99 

VnUtllA  mi^ttnr                .     .              

Fixed  carbon 

X 

Ash 

6.77 

Sulphur 

2.98 

ILLINOIS  NO.  19. 

Bituminous  coal  from  Zeigler  mine,  Zeigler  Coal  (Company,  Zeigler,  Franklin  County,  111., 
on  the  Illinois  Central  Railroad. 

Two  samples  were  loaded  under  the  supervision  of  Inspector  J.  W.  Groves  as  follows: 
Illinois  No.  19  A  was  shipped  as  "  three-fourths  inch  coal,"  which  had  passed  over  a  three- 
fourths  inch  perforated  shaking  screen.  It  was  used  in  making  coking  tests  Nos.  11  and  15 
and  steaming  tests  Nos.  160,  161,  163,  170,  and  171.  Illinois  No.  19  B  was  shipped  as 
''3-inch  coal"  which  had  passed  over  a  l^-inch  perforated  shaking  screen.  It  was  used  in 
making  steaming  tests  Nos.  175, 204,  and  205,  producer-gas  test  No.  55,  and  coking  test  No. 
19. 

Two  mine  samples  were  collected  from  this  mine  for  chemical  analysis.  No.  1871  was  cu  t 
from  the  face  of  room  5,  off  the  first  west  entry  on  the  north-  side,  600  feet  northwest  of  the 
shaft.  No.  1872  was  cut  from  room  5,  off  the  third  west  entry  on  the  south  side,  1,050 
feot  southwest  of  the  shaft. 

CHEMICAL  AHALYBE8. 


Laboratory  number  . 
Air-drying  loss 


^  [Moisture 

g  Volatile  matter 

H  Fixedcarbon 

llJA* 

[[Sulphur 

S  Hydrogen 

^-  Carbon 

?  Nitrogen 

[oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units  . . 


Mine  samples. 


1871 
5.20 

9.90 
28.67 
53.69 

7.74 
.48 


6,667 
12,001 


1872 
5.60 

10.53 
29.06 
53.01 
7.40 
.47 


Car  samples. 


1926 
9.10 

14.91 
26.66 
40.50 

8.93 
.52 

5.42 
62.76 

1.35 
21.02 

6,068 
10,958 


2020 
5.60 

10.72 
29.86 
50.06 

9.36 
.91 

5.30 
66.74 

1.40 
16.29 

6,492 
11,686 
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OPERATIONS   OF   FUEL-TESTING   PLANT   IN   1905. 


8TFAWT1IQ  TESTS. 


TeHt  160,  niinoift  No.  19  A. 


I 


Size  as  shipped,  f-inch  coal.  Size  as  used, }  inch 
to  1  inch,  21.3  per  cent;  \  inch  to  )  inch.  32.0  per 
cent;  under  \  inch,  46.7  per  cent.  Duration  of 
test,  10.02  hours.    Kind  of  grate,  plain. 

Test  161,  lUluoiM  No.  19  A. 

Size  as  shipped,  f-inch  coal.  Size  as  used,  over 
1  inch,  0  per  cent;  ^  inch  to  1  inch,  l3.fl  per  cent;  \ 
inch  to  i  inch,  27.2  percent;  under  J  Inch,  59.2  per 
cent.  Duration  of  test,  9.97  hours.  Kind  of 
grate,  plain. 

Test  103,  IlUnois  No.  19  A. 

Size  as  shipped.  }-l°ch  coal.  Size  as  used,  over  1 
Inch,  0  pt^r  cent;  )  inch  to  1  inch,  17.7  percent;  J 
inch  to  i  inch,  34.7  per  cent;  under  \  inch.  47.C  iter 
cent.  Duration  of  test,  9.98  hours.  Kind  of  grate, 
plain. 

Test  170,  IlUnois  No.  19  A. 

Size  as  shipped,  f>inch  coal.  Size  as  used,  over 
1  inch,  0  percent;  ^  inch  to  I  inch,  13.6  percent;  i 
inch  to  4  inch,  31.3  percent;  under  i  inch.  55.1  per 
cent.  Duration  of  test,  9.07  hours.  Kind  of 
grate,  rocldng. 


Test  171,  nUnois  No.  19  A. 


Size  as  shipped,  H^cb  coaL  Size  as  used,  over 
1  inch,  0  percent;  )  inch  to  1  inch,  13.6  peroent;  \ 
inch  to  )  inch,  31. 8  per  cent;  under  \  inch,  54.6  per 
cent.  Duration  of  test,  9.97  hours.  Kind  of 
grate,  rocking. 

Test  175,  IlUnols  No.  19  B. 

Size  as  shipped,  3-inch  coal.    Size  us  used,  over 

1  inch,  60.2  percent;  i  inch  to  1  inch,  15.7  percent; 

,  I  inch  to  i  inch,  9.2  percent;  under  J  inch,  14.9  per 

'  cent.    Duration    of   test,    9.9   hours.    Kind    of 

grate,  plain. 

Test  204,  IlUnols  No.  19  B. 

Size  as  shipped,  3-inch  coal.  Size  as  used,  over 
1  Inch,  44.0  i)er cent;  §  inch  to  1  inch,  17.2  percent; 
{  inch  to  I  inch,  12.3  percent;  under  ^  inch,  2G.5  per 


I  cent.    Duration  of  tost,   10.03  hours.    Kind  of 
I  grate,  rocking. 

t  Test  205,  IlUnoU  No.  19  B. 

Size  as  shipped,  3-inch  coal.    Size  as  used,  over  1 

I  inch, 54.4 percent;  (inch to  1  inch,  15.1  percent;  \ 

inch  to  i  inch,  10.7  per  cent;  under  ^  inch,  19.8  per 

ctmt.    Duration   of  test,   9.93  hours.    Kind   of 

grate,  rocking. 


MI8CELXANEOU8   ITEMS. 


1   Tp*t 

Test 

mi. 

U,01L 

T^yit 
103. 

Test 
170. 

ia,H57 

Test 
t7l. 

Test 

175. 

13,n05 

T«t 

2D4. 

13,050 

Teat 
305. 

E(»Allng  value  o!  coal,  H.  T.  T,  per 
pound  dry  foul ...,»,., ,  h  » ►  - 

12,917 

13,001 

Force  of  draft: 

Undor  stack  damper.  Inch  watt^T. 

t>.40 

Ul.14 

a<i7 

0.M 

0,49 

a4i 

a4i 

0.40 

Above  flnj ........ .  inch  waU-r. . 

.1* 

.ari 

,17 

.10 

.17 

,pp 

.11 

.12 

Furnart'  tPtnpiTature 'F , . 

2,m 

2,0«l 

2,227 

7.im 

2,470 

2,W 

2,**ft 

Dry  cnal  insfX  per  squun^  foot  of 
g rule  surface  ppr huur... pounds.. 

IH,47 

17.77 

au.TM 

Jti/ii 

211.  U8 

mM 

m.m 

aK** 

EquivalftJl  water  tivaporubed  per 
aiiuare  foot  of  water-heutlng  atiT- 
face  jwr  liour  . . , fmumls, , 

i..„ 

.1.12 

S.^7 

3.10 

a,  SB 

3.7a 

A.m 

3*  3ft 

FuTCT'iitapi  oJ  rati'd  horsepowflr  of 
boiler  dpvelot»*d . , , . 

WkI 

m.n 

IW.2 

M7Jt 

9(K0 

1(M*7 

w.a 

94.  ft 

Watt-r  Jipparently  (evaporated  per 
pcmiid  or  tMiftl  as  (Irpd  .   .  jti>unds, . 

*5.27 

(kM 

tk4'i 

fl.H7 

ft.  71 

\i.m 

7.37 

rai 

Watjrr  I'vaprir^tliMi  frtim  aiKi  at  '212 

I'er  [WJtind    of    con  I    n»    Hrrtl. 
pounds 

7.27 

7.02 

7.30 

7.42 

7.79 

8.13 

8.54 

8.S2 

Per  pound  of  dry  coal,  .pounds. . 

I      8.33 

8.80 

8.fil 

8..% 

8.97 

9.10 

9.45 

9.27 

Per  pound  of  combustible,  .do. . . 

9.4.5 

10.17 

9.70 

9.8.') 

10.30 

10.53 

10.83 

10.83 

Efficiency  of  boiler,  including  grate, 
per  cont 

IU.7I 

(15.82 

(i3. 03 

64.29 

07.00 

67.50 

09.93 

68.86 

Coal  as  flred: 

For  indicated  horsepower  hour, 
pounds 

3.M9 

3.71 

3.77 

,3.81 

3.03 

3.48 

3.31 

3.40 

Per  ol^'trical  horseiwwer  hour, 
pounds 

4.«f) 

4.58 

4.00 

4.71 

4.48 

4.30 

4.09 

4.20 

Dry  coal: 

Per  indicated  horsepower  hour, 
pounds  

3.40 
4.19 

3.21 
3.97 

3.28 
4.00 

3.30. 
4.08 

3.15 
3.89 

3.11 
3.84 

2.99 
3.70 

3.05 

Per  electrical  horsepower  hour, 
pounds 

3.77 

TESTS — ILLINOIS. 
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ANALYSES. 


Teat  160. 

Teat  161. 

Teat  163. 

Teat  170. 

Teat  171. 

Teat  175. 

Teat  204. 

Teat  205. 

Proximate. 
Moisture 

12.79 
27.24 
61.73 
8.24 

13.43 
27.60 
50.08 
8.89 

12.86 
28.30 
50.80 
8.04 

13.28 
27.72 
49.75 
9.25 

13.19 
27.50 
50.33 
8.92 

10.72 
29.77 
49.30 
10.21 

9.56 
29.40 
51.11 

9.93 

10.30 

VoUUle  matter 

Fixed  carbon 

Ash 

29.20 
50.27 
10.23 

Suli^ur 

100.00 
.49 

100.00 
.50 

100.00 
.51 

100.00 
.50 

100.00 
.50 

100.00 
.47 

100.00 
.61 

100.00 
.55 

U/HmtUe. 
Carbon  « 

74.67 
4.47 
9.24 
1.61 
.56 
9.45 

73.99 
4.44 

9.16 

1.58 

.58 

10.25 

74.83 
4.49 
9.25 
1.61 
.59 
9.23 

73.65 

4.42 

9.10 

1.58 

.58 

10.67 

73.97 
4.44 

9.14 

1.59 

.58 

10.28 

74.37 

4.59 

7.52 

1.56 

.53 

11.43 

74.62 

4.60 

7.66 

1.57 

.67 

10.96 

74.33 

Hydrogen «        

4.58 

Oxygen  a 

7.51 

1.56 

Sulphur 

.61 

Aah 

11.41 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

«  Figured  from  cnr  aample. 

PB0DTJ0ER-OA8  TEST. 

Teat  55,  UUnoU  No.  19  B. 

Size  as  ahipped,  lump,  3  inch.    Size  aa  used,  over  1  inch,  77  per  cent;  i  inch  to  1  inch,  9  per  cent;  i 
inch  to  i  inch,  5  per  cent;  under  i  inch,  9  per  cent.    Duration  of  test,  50  houra. 

Average  electrical  horsepower 201. 1 

Average  B.  T.  U.  gas,  per  cul>ic  foot 164. 1 

Totol  coal  fired pounda. .  13,960 

COAL  €X>N8UMED    \S    PRODUCER    (POUNDS   PER   HORSEPOWER    PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purpoaea 

Developed  at  awitch  board 

Per  brake  horaepower: 

Available  for  outaide  purpoaea 

Developed  at  engine 

Equivcilent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outaide  purpoaea 

Developed  at  awitch  board ^ 

Per  brake  horaepower: 

Available  for  outaide  purpoaea 

Developed  at  engine 


Teat  55. 


Coal  aa 
fired. 


1.47 
1.39 


1.25 
1.18 


1.55 
1.47 


1.32 
1.25 


Dry 
coal. 


Combua- 
tlble. 


1.33 

1.19 

1.26 

l.W 

1.13 

1.01 

1.07 

-.95 

1.40 

1.26 

1.33 

1.19 

1.19 

1.07 

1.13 

1.01 
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ANALYSES. 


Test  65.  ' 

Test  55. 

Coal. 
Moisture 

1 
9.64  i 

ao.68 

£a22 
9.46  1 

Oas  by  volume. 
Carbon  dioxide  (COt) 

7.4 

Volatile  matter 

Carbon  monoxide  (CO) 

23.9 

Fixed  carbon 

Hydrogen  (Hi) 

15u7 

Ash 

Methane  (CH«) 

2.1 

Nitroffen  CS*) 

50.9 

100.00 
.53 

Sulphur 

100.00 

ooxnro  tests. 


Test  11,  IlUnoU  No.  19  A. 

Size  as  shipped,  ]  inch.  Size  as  used,  finely 
crushed.  Raw.  Durationofte^it,  48  hours.  Coal 
charged,  10,000  pounds. 

Remarks.—'So  coke  produced. 

Test  15,  lUinols  No.  19  A. 

Size  as  shipped,  f  inch.  Size  as  used,  finely 
crushed.    Raw.   Durationof  test,  24  hours.   Coal 


charged,  6,000  pounds. 
Remarks.— So  coke  produced. 

Test  19,  Illinois  No.  19  B. 

Size  as  shipped,  3  inches.  Size  as  used,  finely 
crushed.  Raw.  Duration  of  test,  47  hours.  Coal 
charged,  6,000  pounds. 

Remarks.So  coke  produced  from  this  coal. 
Three  trials. 


INDIANA  NO.  8. 

Bituminous  coal  from  mine  No.  3,  J.  Woolley  Coal  Company,  near  Boonville,  Warrick 
County,  Ind.,  on  the  Southern  Railway. 

This  sample,  which  was  shipped  under  the  supervision  of  Inspector  J.  W.  Groves,  con- 
sisted of  nut  and  slack  coal  mixed.  It  was  used  in  making  washing  test  No.  115,  coking 
test  No.  14,  steaming  test  No.  162,  and  producer-gas  test  No.  53. 

Two  mine  samples  were  sent  to  the  laboratory  for  chemical  analysis;  they  were  taken 
from  the  mine  as  follows:  No.  1759  was  taken  from  a  point  1,500  feet  northeast  of  the 
shaft;  No.  1760  was  taken  from  the  face  of  a  room  600  feet  northwest  of  the  shaft. 

OHEXIOAL  ANALYSES. 


Laboratory  number. 
Alr-drylng  loss 


Moisture 

Volatile  matter. 

Fixed  carbon 

(Ash 


[Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . . 


Mine  samples. 


1750 
7.60 

11.28 
38.04 
43.05 
7.63 
3.58 


6,551 
11,792 


1760 
7.00 

11.10 
37.04 
42.18 
0.68 
4.33 


Car 
sample. 


1941 
8.50 

iai8 
31.92 
39.27 
15u63 
4.79 
5.36 
54.52 
1.08 
18.62 

5,572 
10,030 
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BTEAXnrO  TEST. 

Test  16S,  Indiana  No.  3. 

Size  as  shipped,  nut  and  slack.  Size  as  used,  over  1  inch,  28.4  per  cent;  ^  Inch  to  1  inch,  25.8  per  cent; 
I  inch  to  }  inch,  16.4  per  cent;  under  i  inch,  29.4  per  cent.  Duration  of  test,  9.65  hours.  Kind  of  grate, 
plain. 

MISCELLANEOUS   ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

Fumace  temperature ®F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour .  .pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired I>ound8. 

Water  evaporated  from  and  ^t  212**  F.: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efflciency  of  l»oiler,  Including  grate pv.T  cent. 

Coal  as  f^ped: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  162. 


11,660 

0.51 

.15 

23.51 

20.05 

3.25 

91.1 

6.14 

7.10 
8.11 
10.15 
67.12 

3.98 
4.92 

3.49 
4.30 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 


Sulphur. 


Test  162. 


12.42 
31.83 
40.68 
15.07 


100.00 
4.84 


o  Figured  from  car  sample. 


Test  ] 


UltimaU 

Carbon a 

Hydrogen «» 

Oxygen  a 

Nitrogen  a 

Sulphur , 

Ash 


63.44 
4.53 
8.03 
1.26 
5.53 

17.21 


100.00 
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PR0DUCSR-OA8  TEST. 
Test  53,  Indiana  No.  3,  washed. 

Size  as  shipped,  nut  and  slack.    Size  as  iiseil.  not  detennincd.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 189. 7 

Average  B.  T.  U.  gas,  per  cubic  foot 137. 2 

Total  coal  fired pounds. .  17,550 

COAL  CONSUMED   IN    PRODUCER   (POUNDS   PER   HORSEPOWER  PER   HOUR). 


Test  53. 


Coal  as  1      Drv      'combus- 
flred.         coal,     i    tible. 


Per  electrical  horsepower: 

Available  for  outside  purposes , 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes , 

■  Developed  at  engine 

FAjuivalent  used  by  producer  plant. 

Per  el<?ctrical  horsepower: 

Availtvble  for  outside  purposes , 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


1.97 
1.85 


1.67 
1.57 


2.09 
1.97 


1.78 
1.67 


1.74  , 
1.63  j 

1.47  ' 
1.39  I 


1.84  I 
1.73  I 


1.56 
1.47 


1.57 
1.48 


1.34 
1.26 


1.67 
1.57 


1.42 
1.33 


Coal. 


I  Test  53. 


ll 


I 


''                       Gas  by  volume. 
11. 85  I  Carbon  dioxide  (COt^ 


Moisture 

Volatile  matter '       36. 85  J  Carbon  monoxide  (CO) 

Fixed  carbon i       43.15  'i  Hydrogen  (IIj) 

Ash ;         8.15  ii  Methane  (CHO 

Nitrogen  (Ns) 


Sulphur. 


100.00  I 
3.64  ; 


Test  5:J. 


10.7 
18.1 
10.6 
2.7 
57.9 

100.0 


WASHING  TEST. 
Test  11  A,  Indiana  No.  3. 

Size  as  shipped,  nut  and  slack.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  50,000 

Washed  coal do....  36,C0D 

Refuse ^ do 14,000 


TESTS INDIANA. 
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Test  115. 

Raw  coal. 

Washed 
coal. 

Moisture 

13.18 
31.92 
39.27 
15.63 
4.79 

15.02 

Volatile  matter 

Fixed  carbon 

Ash 

8.61 

Sulphur 

3.25 

coxnro  test. 

TeHt  14,  Indiana  No.  3. 

.Size  OB  shipped,  nut  and  slack.    Size  us  used,  finely  crushed. 

JRe7narks.—Bume6  for  24  hours.    Ashed  down  about  10  inches.    No  coke  produced. 

INDIANA  NO.  4. 

Bituminous  coal  from  mine  No.  29,  Consolidated  Indiana  Coal  Company,  Star  City, 
Sullivan  County,  Ind.,  on  the  Evansvillc  and  Terre  Haute  Railroad. 

Thiij  sample  was  loaded  under  the  supervision  of  Inspector  J.  S.  Burrows  and  consisted 
of  screenings  which  had  passed  through  a  l}-inch  bar  screen.  The  tests  made  on  this  sam- 
ple were  as  follows:  Washing  test  No.  112,  coking  tests  Nos.  6  and  9,  steaming  tests  Nos. 
151,  165,  and  166,  and  steaming  test  on  washed  coal  No.  154. 

Two  mine  samples  were  taken  from  this  mine  for  chemical  analysis.  No.  1807  was 
obtained  at  a  point  in  the  eighth  east  entry  on  the  south  side  of  the  mine,  4,000  feet  south- 
east of  the  shaft,  and  No.  1775  was  cut  from  the  face  of  room  1  .off  the  thirteenth  east 
entry,  3,900  feet  north  of  the  shaft. 

CHEMIOAL  ANALYSES. 


Laboratory  number. 
Air-drying  loss 


2  (Moisture 

§  Volatile  matter 

g   Fixed  carbon 

£llA«h 

(Sulphur 

S  Hydrogen 

E  Carbon 

^  Nitrogen 

(Oxygen 

Caloriflc  value  determined: 

Calories 

British  thermal  units. . . 


Mine  sampler. 


1775  ; 
9.00 

14. 8« 
31.65 
4C.U 
7.35 
2.26 


1807 
8.00 

13.37 
35.06 
44.15 
7.42 
2.10 


6,291  I 
11.324  1 


Car 
sample. 


1844 
10.80 

13.99 
29.40 
42.29 
14.32 
2.31 
5.36 
57.18 
1.11 
19.72 

5,732 
10,318 


Bull.  290—06- 
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STEAMHrO  TESTS. 


Test  151,  Indiana  No.  4. 

Si7.o  as  shipped,  screenings.  Size  as  used,  over 
1  inch,  36.5  per  cent;  ^  inch  to  1  inch,  21  i>er  cent; 
i  inch  to  I  inch,  15.4  per  cent;  un^er  \  inch,  27.1 
per  cent.  Duration  of  test,  10.05  hours.  Kind  of 
grate,  plain. 

TeKt  154,  Indiana  No.  4,  waHhed. 

-  Size  as  shipped,  screenings.  Size  as  used,  over 
1  inch,  1H.5  per  cent;  i  inch  to  1  inch,  29.9  per  cent; 
J  inch  to  i  inch,  24.4  i>er  cent;  under  i  inch,  27.2 
per  cent.  Duration  of  test,  9.95  hours.  Kind 
of  grate,  plain. 


Test  165,  Indiana  No.  4. 

Size  as  shipped,  serciaiings.  Size  as  used,  over 
1  inch,  19  per  cent;  i  inch  to  I  inch,  22.4  jxjr  cent; 
i  inch  to  i  inch,  18.(»  per  cent;  under  J  inch,  40 
per  cent.  Duration  of  tt»-st,  10.03  hours.  Kind  of 
grate,  rocking. 

Text  166,  Indiana  No.  4. 

Size  as  shipped,  screenings.  Size  as  used,  over 
1  inch,  8.1  per  cent;  i  inch  to  1  inch,  18.3  iht  cent; 
J  inch  to  i  inch,  18.8  per  cent;  under  J  inch,  54.8 
per  cent.  Duration  of  test,  HJSO  hours.  Kind  of 
grate,  roclcing. 


MISCELLANEOUS   ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Furnace  temperature °F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour, 
pounds 

Equivalent  water  evaporated  per  square  foot  of  wate  -heat- 
ing 8UTtac£  per  hour pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired, 
pounds 

Water  evaporated  from  and  at  212**  F,: 

Per  pound  of  coal  as  fired pounds. 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

EflRcicncy  of  boiler,  including  grate per  cent . 

Coal  as  fired: 

Per  iiidicate<l  horsepower  hour poumls. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  151.   Test  154 


11,977 

0.48 

.12 

2,023  j 

18.64  I 

I 
2.88 

.    80.8  ' 


0.64 

7.-4: 

9.57  I 
02.41  ' 


I 


4.20  I 
5.26 


3.65  I 
4.51  I 


Test  165. '  Test  lai 


13,421 

0.45 

.11 

2,390 

19.21 

3.40 
95.3 

6.45 

7.55 
8.86 


3.75 
4.62 


3.19 
3.94 


11,486 

I 

0.61  I 

.19  1 

2,062  I 

I 
21.98  I 

3.17  I 

88.9  I 

I 

5.94  j 

6.94 
8.05  ' 
10.43 
67.68  I 
1 
4.08  I 
5.03  ; 

I 
3.51  I 
4.34  I 


11,<J93 

0.60 

.22 

1,870 

19.62 

2.67 
74.7 


0.46 
7.58 
9.86 
r.2.G0 

4.3J< 
5.40 

3.73 
4.liO 


ANALYSES. 


Test  151. 

Test  154. 

Test  165. 

13.82 
29.12 
39.80 
17.26 

Test  166. 

ProTimate. 
Moisture '. 

14.24 
31.59 
39.96 
14.21 

14.80 
33.10 
44.91 
7.19 

14.79 

Volatile  matter 

29.76 

Fixed  carbon            

39.69 

Ash               

15.76 

Sulphur 

100.00 
2.52 

100.00 
2.12 

100.00 
2.43 

100.00 
2..'»2 

TESTS INDIANA. 
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Uftimate. 

Carbon  « 

Hydrogen* 

Oxygen  o 

Nitrogen  « 

Sulphur 

Ash 


Test  151. 

Test  154. 

Test  165. 

Test  166. 

G6.31 

73.41 

63.59 

04.73 

4.42 

4.89 

4.24 

4.31 

8. 40 

9.35 

8.09 

8.25 

1.30 

1.42 

1.23 

1.26 

2.94 

2.49 

2.82 

2.96 

16.57 

8.44 

20.03 

18.49 

100.00 

100.00 

100.00 

100.00 

o  Figured  from  car  sample. 

WASHING  TEST. 
Tent  1V4,  Indiana  No.  4. 
Size  as  shipped,  screenings.    Size  as  used,  screenings  (I^-inch).    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  32,000 

Washed  coal do 24,000 

Refuse do 8, 000 

ANALYSES. 


Test  1 12. 

Raw  coul. 

13.99 
29.40 
42.29 
14.32 
2.31 

Washed 
coal. 

Moisture 

16  49 

Volatile  matter 

Fixed  carbon 

Ash 

7  '»5 

Sulphur 

I  94 

COKINO  TESTS. 


Test  6,  Indiana  No.  4. 


Size  as  shipped,  screenings.     Size  as  used,  finely 
crushed.     Raw.    Duration  of  test,  62  hours. 

Coal  charged pounds..  10,000 

Coke  produced do 5,010 

Breeze  produced do —       536 

Coke  produced percent..    50.10 

Breeze  produced do —      5.36 


Total  percentage  yield 55. 46 

JR^fiiar**.— Light-gray    color.    High    ash  and 
sulphur.    Medium  coke. 


T«Ht  0,  Indiana  No.  4,  wanlied. 

Size  as  shipped,  screenings.  Size  as  used,  finely 
crushed.    Duration  of  test,  58  hours. 

Coal  charged pounds . .  10,000 

Coke  produced do 6, 153 

Breeze  produced do 332 

Coke  produced percent..    51.53 

Breeze  produced do 3.32 

Total  percentage  yield 54. 85 

iJcmarit*.— Light-gray  and  silvery  color.  Ash 
reduced  materially  by  washing:  a  little  too 
much  sulphur. 


ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon . . 

Ash 

Sulphur 
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OPKKATION8    OF    FUEL-TESTING    PLANT    IN    1905. 


INDIANA  NO.  6. 

Bituminous  coal  from  mine  No.  33,  Consolidated  Indiana  Coal  Company,  Hymera,  Sul- 
livan County,  Ind.,  on  the  Evansville  and  Terre  Haute  Railroad. 

This  sample,  which  consisted  of  run-of-minc  coal,  was  shipped  under  the  supervision  of 
Inspector  J.  S.  Burrows  and  was  used  in  making  coking  test  No.  8,  steaming  tests  Nos.  153, 
155,  and  156,  and  producer-gas  tests  Nos.  46  and  47. 

Two  mine  samples  were  taken  in  the  mine,  one  of  which,  No.  1774,  came  from  the  second 
east  entry  on  the  north  side  of  the  mine,  1,200  feet  from,  the  shaft,  and  the  other.  No.  1773, 
from  room  16  olF  the  second  cast  entry,  1,600  feet  southwest  of  the  shaft. 


OHEHICAL  AITALTBES. 


Laboratory  number per  cent. 

Air-drying  loss do... 

^  [Moisture do. . . 

g  J  Volatile  matter do. . . 

?  iFixcd  carbon do. . . 

p^lJAah do... 

ISulphur do. . . 

§  Hydrogen , -» do... 


U> 


E  ^Carbon do. 


Nitrogen do. 

Oxygen do. 

Calorific  value  determined" 

Calories. 

British  thermal  units 


Mine  sampler. 


1773 
9.10 

12.14 
35.17 
43.73 
8.96 
3.54 


6.398 
11,516 


1774 
&40 

12.17 
35.53 
43.14 
9.16 
4.66 


Car 

sample. 


7.20 

12.03 
35.65 
41.44 
10.88 
4.27 
5.50 
60.73 
1.06 
17.54 

6,218 
11,193 


BTEAKHTG  TESTS. 


Test  153,  IiHliaiia  No.  5. 


Size  as  shipped,  run  of  mine.    Size  as  used,  over 
1  inch,  29.0  percent;  }  inch  to  1  inch,  23. 2  per  cent; 
1  inch  to  i  inch,  10.2  per  cent:  under  i  inch,  31.6 
percent.    Duration  of  test,  10.02  hours.    Kind  of  , 
grate,  plain. 

Test  Ififi,  Indiana  No.  5.  { 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  I 
1  inch,  27.7  per  cent;  i  inch  to  1  inch,  20.0  per  cent;   i 


i  inch  to  ^  inch,  20.4  per  cent;  under  }  inch,  31.9 
per  cent.  Duration  of  test,  9.98  hours.  Kind  of 
grate,  plain. 

TeHt  15B,  Indiana  No.  5. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  33.7  per  cent;  ^  Inch  to  1  inch,  23.2  per  cent; 
i  inch  to  i  inch,  15.4  per  cent;  under  J  inch,  27.7 
per  cent.  Duration  of  test,  9.92  hours.  Kind  of 
grate,  plain. 


MISCELLANEOUS    ITEMS. 


IIcHtiug  value  of  coal IJ.  T.  U.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

FumaoR  temperaturp °F. . 

Dry  coal  ust'd  por  stjuaro  foot  of  grate  surface  iK'r  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds. . 

Percentage  of  rated  hor«»power  of  boiler  devfMoped 

Water  apparently  evaporated  i^r  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 


Test  153. 

Test  165. 

Test  156. 

12,564 

12,546 

12,730 

0.51 

0.50 

0.53 

.22 

.18 

.18 

2,391 

2,223 

2,317 

19.21 

17.41 

19.14 

a  16 

2.90 

3.10 

88.6 

81.3 

87.0 

6.26 

6.32 

6.20 

7.30 

7.36 

7.23 

8.24 

8.35 

8.13 

9.61 

0.91 

9.« 

TESTS iM^IANA. 
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Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsei>ower  hour. do 


Test  153. 

Test  155. 

Test  156. 

Proximate. 
Moisture 

n.31 
3G.3G 
4L29 
11.04 

11.83 
34.23 
42.27 
11.67 

11.01 
35.02 
43.01 
10.96 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

loaoo 

5.07 

100.00 
4.65 

100.00 
4.35 

Ultimate. 

Carbon  a 

Hydrogen  o.. 

Oxygen  o 

Nitrogen  o... 

Sulphur 

Ash 


Test  153. 


68.25 
4.68 
7.68 
1.22 
5.72 

12.45 


100.00 


Test  155. 


67.95 
4.66 
7.66 
L21 
5.29 

13.23 


100.00 


Test  156. 


60.06 
4.73 
7.79 
L22 
4.89 

12.31 


100.00 


a  Figured  from  car  sample. 
PB0DU0ER-OA8  TESTS. 


Test  46,  Indiana  No.  6. 

Size  as  shipped,  run  of  mine.    Size  as  used,  not 
determined.    Duration  of  test,  30  hours. 

Average  electrical  horsepower 199. 0 

Average  B .  T.  U.  gas,  per  cubic  foot 136. 7 

Total  coal  fired pounds.  .11,850 


Test  47.  Indiana  No.  fi. 

Size  as  shipped,  run  of  mine.    Size  as  used,  not 
determined.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 202. 2 

Average  B .  T.  U.  gas,  per  cubic  foot 145. 0 

Total  coal  fired pounds. .  14, 250 


COAL  CONSUMED,  IN   PRODUCER   (POUNDS  PER   HORSEPOWER   PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes. . . . 

Developed  at  engine 

Equivalent  u»ed  by  producer  plant. 

Per  electrical  horsepower. 

Available  for  outside  purposes. . . . 

Developed  at  switch  board' 

Per  brake  horsejwwer: 

Available  for  outside  purposes. . . . 

Developed  at  engine 


Test  46. 

Test  47. 

Coal  as 
fired. 

Dry  coal. 

Combus- 
tible. . 

Coal  as 
fired. 

Dry  coal. 

2.12 

1.91 

1.64 

1.51 

1.35 

1.99 

L79 

L54 

1.41 

L26 

1.80 

L62 

L39 

1.29 

1.15 

1.69 

1.52 

1.31 

1.20 

1.07 

2.29 

2.06 

1.78 

1.62 

1.45 

2.15 

1.93 

1.66 

1.51 

1.35 

1.95 

1.75 

1.51 

1.37 

1.23 

1.83 

1.04 

L41 

1.28 

L15 

Combus- 


L20 
1.12 


1.02 
.95 


1.28 
1.19 


1.09 
1.01 


iVbCe.^Prodooer-gM  tests  46  and  47  are  on  the  same  coal.    Test  46  was  cut  short  owing  to  the  dog- 
ging op  of  tiM  eooQOxnlier. 
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**  ;•  **:analyseh. 


Ycrft  4(i.      Test  47 


Coal., 


Moisture . . ...  .;.,,•*!• .' I  10. 02 

Volatile  maxt'-r. • !  * |  35. 49 

Fixc4  (^"Vhon. ,  4l.ft8 

A*;.,.;:.;. :  12.51 


Sulphur. 


I      100.00 
.1         6.04 


Test  46.      Test  47 


Oas  by  volume. 


I 


10. 49  I   Carbon  dioxide  (COt) . . . 
35.90  |l  Carbon  monoxide  (CO). 

43.25  .    Hydrogen  (Hi) 

10. 36  i!  Methane  (ClU) 


100.00 


Nitrogen  (Ni) . 


12.0 
15.2 
11.8 
3.0 
58.0 


4.14  ' 


100.0 


10.1 
18.8 
11.5 
2.9 
56.7 


100.0 


COKINO  TEST. 
TcMt  8,  Indiana  No.  5. 

Siw  as  shipped,  run  of  mine.    Si7.e  as  used,  finely  crushed.    Raw.    Duration  of  tost,  49  hours. 

Coal  charged pounds. .  10, 000 

Coke  produced do 5, 340 

Breeze  produced do 232 

Coke  produced per  cent. .    5:1 40 

Breeze  produced do 2. 32 

Total  percentage  yield 55. 72 

IJcnkir Jk*.— Light-gray  and  silvery  color,    (iood,  strong  coke.    High  ash  and  sulpher. 

ANALYSES. 


MoistUR'. 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


Tost  8. 
Coal.     I     Coke. 


10.74 

36.  71 

41.95 

10.60 

4.61 

0. 76 

..>4 

81.29 

17.41 

4.21 


INDIANA   NO.  6. 

Bituminous  coal  from  mine  No  34,  Consolidated  Indiana  Coal  Company,  Hymcra, 
Sullivan  County,  Ind.,  on  the  Evansville  and  Terre  Haute  Railroad. 

This  sample  consisted  of  run-of-mine  coal  and  was  loaded  under  the  supervision  of 
Inspector  J.  S.  Burrows.  It  was  uscxd  in  making  washing  test  No.  113,  coke  test  No.  12, 
stemming  test  No.  157,  steaming  test  on  washed  coal  No.  159,  and  producer-gas  test  No.  49. 

Two  mine  samples  were  select^»d  from  widely  .separated  points  in  this  mine.  No.  1772 
came  from  room  2,  off  ( he  second  east  entr\M)n  the  south  side,  3(K)  feet  southeast  of  the 
shaft;  No.  1776  from  the  main  north  entry,  425  feet  north  of  the  shaft. 
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CHEKICAL  ANALYSES. 


Laboratory  number. 
A  i  r-<i  rying  loss 


cj  (Moisture. 

2  Volatile  matter 

K  I  Fixed  carbon 

£||Ash 

(Sulphur 

«i  Hydrogen 

5  Carbon 

5  Nitrogen 

10  xygcn 

Calorific  value  determined: 

Calories. 

British  thermal  units. . . 


Mine  samples. 


1772 
7.20 

10.45 
38.62 
41.35 
9.58 
4.04 


6,526 
11,745 


1776 
4.70 

9.22 
37.76 
41.85 
11.17 

3.94 


Car 
sample. 

1875 
5.20 

10.80 

36.09 

40.49 

12.62 

4.39 

5.46 

60.88 

1.13 

15.52 

6,214 
11,185 


Test  157,  Indiana  No.  G. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch.  29.9  per  cent:  i  inch  to  1  inch,  19.9  per  cent; 
I  inch  to  )  inch,  14.2  percent;  under  J  inch, 36  per 
cent.  Duration  of  test,  9.97  hours.  Kind  of 
grate,  plain. 


8TEAXIN0  TESTS. 

I  Test  150,  Indiana  No.  G,  washed. 

Size  as  shipped,  run  of  mine.    Size  as  used,  over 


1  inch,  39.8  per  cent;  \  inch  to  1  inch,  27.1  per  cent; 
J  inch  to  i  inch,  L'i.'S  per  cent;  under  J  inch,  17.3  per 
cent.  Duration  of  test,  9.92  hours.  Kind  of  grate, 
plain. 


MT8CEIXANEOU8   ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Furnace  temperature °F. 

Dry  coal  used  i)er  square  foot  of  grate  surface  per  hour. pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 

I>ounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  poimd  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212*>  F.: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

KfTiciency  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  157. 


0.49 

.15 

2,410 

18.59 

3.03 
84.9 
6.30 

7.30 
8.16 
9.72 
63.02 

3.87 
4.78 

3.47 
4.28 


Test  150. 


13,001 

0.43 

.11 

2,522 

21.40 

3.45 
96.7 
6.15 

7.15 
8.06 
9.18 
59.46 

3.96 
4.88 

3.51 
4.33 
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OPKRAtlONS    OF    FUKL-TE8TING    PLANT    IN    1905. 


Proximate. 

Moisture 

VoIatRo  matter 
Fixed  carbon 
Ash 


Sulphur 


UlHmaU. 

Carbon  a 

Hydrogen  a 

Oxygen  a 

Nitrogen" 

Sulphur 

Ash 


Test  157. 

Tost  159. 

68.03 

71.77 

4.76 

5.02 

6.61 

7.01 

1.26 

1.33 

5.08 

4.02 

14.26 

10.85 

100.00 

100.00 

a  Figured  from  car  sample. 

PRODUCER-GAS  TEST. 
Tent  49,  IndUna  No.  6. 
Size  as  shipped,  run  of  mine.    Size  as  used,  not  determined.    Duration  of  te«t,  50  hours. 

Average  electrteal  horsepower 199. 6 

Average  B.  T.  IT.  gas,  per  cubic  foot 150.9 

Total  coal  fired pounds. .  17, 850 

COAL  CONSUMED    IN    PRODUCER    (POUNDS   PER   HOR8El»OWER   PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purjioses 

Developed  at  engine 

Equivalent  Ufied  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

I)evolope<l  at  switch  board 

.  Per  brake  horsepower: 

Available  for  outside  purposes 

I>eevloped  at  engine 


Test  49. 


Co&l  as     r»«rrt«oi       Com- 


1.89 
1.79 


1.61 
1.52 


2.05 
1.94 


1.74 
1.65 


1.68 
1.59 


1.43 
1.35 


1.83 
1.73 


1.55 
1.47 


1.45 
1.37 


1.23 
1.16 


1.57 
1.49 


1.33 
1.26 


Coal 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  49. 


I 
10.89 

:i6.i9  ; 

40.43  || 
12.49 


100.00 
4.71 


Oas  by  volume. 

Carbon  dioxide  (COi)'. 

Carbon  monoxide  (CO) 

Hydrogen  (IIi) 

I  Methane  (CHO 

I  Nitrogen  (Ni) 


Test  49. 


9.8 
18.1 
12.8 

2.4 
56.9 


100.00 
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WABHIHO  TEST. 
Test  113,  Indiana  No.  0. 

Size  as  shipped,  run  of  mine.    Size  as  used,  crushod  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  24,000 

Washed  coal do 19, 100 

Refuse do....    4,900 

ANALYSES. 


Test  113. 

Raw  coal. 

Washed 
coal. 

Moisture 

10.80 
36.09 
40.49 
12.62 
4.39 

11.65 

Volatile  matter .'. 

Fixed  carbon 

Ash 

9.83 

Sulphur 

3.49 

OOEnfG  TEST. 
Test  12,  Indiana  No.  6,  washed. 

Size  as  shipped,  run  of  mine.    Size  as  used,  finely  crushed.    Duration  of  test,  49  hoars. 

Coal  charged , pounds. .  10, 000 

Coke  produced do 5, 434 

Breeze  produced do 501 

Coke  produced per  cent. .    64. 34 

B  rpezo  produced do 5. 01 

Total  percentage  yield 50. 35 

/2emarl:«.— Light-gray  and  silvery  color.    Good  coke,  but  ash  and  sulphur  high. 

ANALYSES. 


Test  12. 

Coal. 

Coke. 

Moisture , 

12.39 
36.77 
40.85 
9.99 
3.69 

0.76 

Volatile  matter 

.73 

Fixed  carbon 

81.90 

Ash 

16.62 

Sulphur 

3.16 

INDIANA  NO.  7. 

Bituminous  coal  from  Little's  mine,  S.  W.  Little  Coal  Company,  Littles,  Pike  County, 
Ind.,  on  the  Evansville  and  Terre  Haute  Railroad.  * 

Two  samples  of  coal  were  shipped  from  this  mine  under  the  supervision  of  Inspector  W. 
J.  Von  Borries,  as  follows:  Indiana  No.  7  A  was  made  up  of  lump  coal  which  had  been  passed 
over  a  1  j-inch  screen.  This  sample  was  used  in  making  washing  test  No.  114,  coking  t-est 
No.  13,  steaming  test  No.  158,  and  producer-gas  test  No.  51.  Indiana  No.  7  B  consisted 
of  screenings  which  had  passed  through  a  1  j-inch  screen  and  was  used  in  making  steaming 
tests  Nos.  164  and  176,  the  rest  being  reserved  for  briquette  experiments. 

Two  mine  samples  were  taken  in  this  mine.  No.  1824  was  obtained  at  a  point  2,000 
feet  southeast  of  the  shaft,  off  the  eighth  south  entry,  and  No.  1825  at  a  point  in  the  main 
entry  2,600  feet  east  of  the  sliaft. 
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CHEKIOAL  ANALTSBS. 


Laboratory  number. 
Alr-drying  loss 


^  [Moisture 

g  Volatile  matter 

g  Fixed  carbon 

£  JAflh 

[[Sulphur 

^  Hydrogen 

B  Carbon 

r  Nitrogen 

[Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


Mine  samples. 


1824 
&40 

10.18 
38. 8G 
42.84 
8.12 
3.96 


I 


6,767 
12,181 


1825 
6.20 

9.99 
37.86 
44.18 
7.97 
3.25 


Car  sam- 
ple A. 


1881 
a60 

8.90 
38.52 
43.37 
9.21 
3.74 
5.01 
65.54 
1.20 
14.70 

6,671 
12,008 


Car  sam- 
ple B. 


1882 
8.60 

11.12 

36.98 

42.55 

9.35 

3.78 

5. 03 

63.01 

1.13 

17.10 

0.416 
11,549 


8TEAXIHG  TESTS. 


Test  158,  Indiana  No.  7  A. 

Size  as  shipped,  lump,  egg,  and  nut.  Size  as 
used,  over  1  inch,  44.3  per  cent;  J  inch  to  1  inch, 
25  per  cent;  J  inch  to  )  inch,  14.2  percent;  under 
i  inch,  16.5  per  cent.  Duration  of  test,  10.02  hours. 
Kind  of  grate,  plain. 

Tettt  104,  Indiana  No.  7  B. 

Size  as  shippod,  screenings.  Size  as  used,  over 
1  inch,  5.6  per  cent;  i  inch  to  1  inch,  25.3  per  cent; 


\  inch  to  i  inch,  25.8  per  cent;  under  i  inch,  43.3 
I  per  cent.    Duration  of  test,  10.03  hours.    Kind 
of  grate,  rocking. 

Test  176,  Indiana  No.  7  B. 

Sii»  as  shipped,  screenings.  Size  as  used,  over 
1  inch,  5.1  percent;  J  inch  to  1  inch,  23.1  percent; 
i  inch  to  i  inch,  24.4  per  cent;  imder  J  inch,  47.4 
lyoT  cent.  Duration  of  test,  10.07  hours.  Kind 
of  grate,  plain. 


MISCELLANEOUS   ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. . 

Force  of  draft. 

Under  stack  damper inch  water. . 

Above  fire <lo 

Furnace  temperature °F. . 

Dry  coal  used  per  square  foot  of  grate  surface  piT  hour pounds. . 

Equivalent  water  evaporated  ix^r  squan-  loot  of  water-heutmg  surface 
per  hour oounds.. 

Percentage  of  rated  horsepower  of  boiler  develop>ed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212  °F.: 

Ter  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  l.)0iler,  mchiding  grate percent.. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds.. 

Per  electrical  horsepower  hour do 1 

Dry  coal:  I 

Per  indicated  horsepower  hour do  — , 

Per  electrical  horsepower  hour do  — ' 

I 


Test  l.**. 

Test  164. 

13,248 

12,838 

0.44 

0.62 

.12 

.23 

2,579 

1.880 

^19.85 

19.01 

3.45 

2.69 

96.9 

75.5 

6.80 

6.05 

7.95 

7.06 

8.72 

7.91 

9.83 

9.14 

63.50 

59.49 

3.56 

4.01 

4.39 

4.95 

3.24 

3.57 

4.00 

4.41 

Test  176. 

12,710* 

0.56 

.17 

2,033 

17.48 

2.80 
78,6 
6.27 

7.27 
8.02 
9.32 
60.94 

3.89 
4.80 

3.53 
4.35 
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ANALYSES. 


Teat  158. 


'Proximate. 

Moisture 

Volatile  matter 
Fixed  carbon.. 
A!?h 

Sulphur 


8.81 

43.37 

8.84 

100.00 
3.67 


Test  164. 

Teat  176. 

10.74 

9.37 

37.78 

38.40 

41.27 

41.18 

10.21 

11.05 

100.00 
3.92 


100.00 
4.17 


Test  158. 

Test  IM. 

70.01 
4.88 
8.03 
1.25 
4.39 

11.44 

Test  176. 

UUimate. 
Carbon a 

72.37 
5.10 
7.49 

69.21 

Ilyi^rogcna 

Oxygen  <» 

4.82 
7.94 

Nitrogen  o 

1.33 
4.02 

1.24 

Sulphur 

4.60 

Ash  

9.69 

12.19 

100.00 

100.00 

100.00 

o  Figured  from  car  sample. 

FRODUOER-OAS  TEST. 

TeHt  51,  Indiana  No.  7  A. 

Sij»  as  shipped,  lump,  e^,  and  nut.     Sire  as  used,  over  1  inch,  69  per  cent;  )  Inch  to  1  Inch,  13 
percent;  J  Inch  to  i  inch,  7  percent;  under  J  inch,  11  per  cent.    Duration  of  test,  45  hours. 

Average  electrical  horsepower 198. 1 

Average  B.  T.  U.  gas.  per  cubic  foot 158. 5 

Total  coal  fired pounds. .  13, 650 

OOAL  CX>NSUMED   IN    PRODUCER   (POUNDS  PER   HORSEPOWER   PER   HOUR). 


Per  oU«tricaI  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

A  vailable  for  outside  purpo.ses 

Developed  at  engine 

RquivalerU  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  51. 


Coal  as 
fired. 


1.37 
1.30 


1.74 
1.65 


1.47 
1.40 


Dry 
coal. 


'     Com- 
'  bustible. 


1.49 

1.32 

1.41 

1.25 

1.26 

1.12 

1.20 

1.06 

1.60 

1.42 

1.52 

1.35 

1.36 

1.20 

1.26 

1.14 

ANALYSES. 


Coal, 

Moisture 

Volatile  matter 

Fi  xed  carbon 

Ash 

Sulphur 


Test  51. 


7.73 
39.19 
42.47 
10.61 


100.00 
5.20 


Oas  by  volume. 

Carbon  dioxide  (CO,) 

Carbon  monoxide  (CO ) 

Hydrogen  (Hi) 

Methane  (CI^) 

Nitrogen  (N|) 


Test  51. 


8.2 
22.2 
11.9 

3.2 
54.5 


100.0 
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WA8HIK0  TEST. 

Test  114,  Indiana  No.  7  A. 

Size  as  shipped,  lump,  egg,  and  nut.    Size  as  used,  crushed  to  2  Inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  14,000 

Washed  coal do 12,240 

Refuse do 1,760 

% 
ANALYSES. 


Test  114. 


Moisture 

Volatile  matter 
Fixed  carbon.. 

Ash 

Sulphur 


ooxnra  test. 

Test  13,  Indiana  No.  7  A,  washed. 

Size  as  shipped,  lump,  egg,  and  nut.    Size  as  used,  finely  crushed.    Duration  of  test,  112  hours. 

Coal  charged pounds . .  12, 240 

Coke  produced do 6,993 

Breeze  produced .-.  .do 640 

Coke  produced per  cent. .    67. 13 

Breeze  produced do 5.23 

Total  perpontage  yield 62. 36 

i2emarA:«.— Light-gray  and  silvery  color.    Somewhat  brittle.    Iligb  ash  and  sulphur. 

ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon. - 

Ash 

Sulphur 


Testis. 


Coal. 

Coke. 

laaa 

1.13 

38.35 

2,35 

42.93 

83u23 

8.30 

13.29 

3.12 

2.69 

INDIANA  NO.  8. 

Bituminous  coal  from  Deep  Vein  mine,  Deep  Vein  Coal  Company,  2  miles  west  of  Terre 
Haute,  Vigo  County,  Ind.,  on  the  Vaudalia  Railroad. 

The  sample  for  testing  was  shipped  as  lump  coal,  which  at  this  mine  is  ran  over  a  IJ-inch 
bar  screen.  The  coal  was  inspected  by  Inspector  J.  W.  Groves,  and  was  used  in  making 
washing  test  No.  118  steaming  t-ests  Nos.  182, 183,  and  185,  steaming  test  on  washed  coal 
No.  184,  and  producer-gas  test  No.  57. 

Two  mine  samples  wore  taken.  No.  1828  came  from  room  8  oflf  the  fourth  south  entry  on 
the  oast  side,  700  feet  southo4Lst  of  the  shaft,  and  No.  1829  came  from  the  sixth  west  entry  on 
the  north  side,  800  feet  northwest  of  the  shaft. 


TEST8 INDIANA. 
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CHEMICAL  ANALYSES. 


Loibomtory  nuraber. 
A  ir-<)  lying  loss 


Mine  samples. 


rMoisture 

I  Volatile  matter. 

I  Fixed  carbon 

Ash 


Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen , 

Calorific  value  determined: 

Caloric 

British  thermal  units. . 


1828 
7.40 

10.68 
37.17 
39.91 
12.24 
4.38 


6,25U 
11,2(U 


8.00 

11.13 
3<i.86 
41.80 
10.21 
3.76 


Car 
sample. 


2037 
4.60 

9.55 
36.19 
43.65 
10.61 

3.72 

5.49 
64.08 

1.08 
15.02 

6,533 
11,759 


8TEAMIHO  TESTS. 


Test  18S,  IncUana  No.  8. 


Teat  185,  Indiana  No.  8. 


Size  as  shipped,  lump.  Size  as  used,  > vcr  1  inch , 
30JS  per  cent;  ^  hich  to  1  inch,  23.1  per  'jent;  i  inch 
to  )  inch,  16.7  per  cent;  under  \  inch  .:9.7  per  cent. 
Duration  of  test,  .9.98  hours.  Kind  of  grate, 
plain. 

Test  183,  Imliana  No.  8. 

Size  as  shipped ,  lump.  Size  as  used .  over  1  inch , 
39JS  per  cent;  i  inch  to  1  inch,  23.3  per  cent;  i  inch 
to  ^  inch,  13.4  per  cent;  under  }  inch,  23.8  per  cent. 
Duration  of  test,  10  hours.    Kind  of  grate,  plain. 


Size  as  shipped,  lump.  Size  as  used,  over  1  inch, 
27.7  percent;  }  inch  to  1  inch,  21.4  percent;  J  inch 
to  }  inch,  17.2  per  cent;  under  \  inch,  33.7  per  cent. 
Duration  of  test,  10  hours.    Kind  of  grate,  plain. 

Test  184,  Indiana  No.  8,  washed. 

Size  as  shipped,  lump.  Size  as  used,  over  1  inch, 
20.1  per  cent;  i  inch  to  1  inch,  29.9  per  cent:  }  inch 
to  )  inch,  24.3  per  cent,  under  J  inch,  25.7  per  cent. 
Duration  of  test,  10  hours.  Kind  of  grate, 
plain. 


MISCELLANEOUS    ITEMS. 


.B.  T.  U.  per  pound  dry  coal.. 


Heating  value  of  coal 

Force  of  draft: 

Under  stack  damper Inch  water. . 

Above  fire do 

Furnace  temperature. °F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour, 
pounds 

Equivalent  water  evapofated  per  square  foot  of  water-heat- 
ing surface  per  hour —  pounds . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  aa  fired, 
pounds 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

EflSciency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour. pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  182.    Test  183.    Test  185.    Test  184. 


12,838 

12,587 

0.49 

0.41 

.16 

.13 

2,384 

2,279 

19.78 

17.24 

3.22 
90.2 

6.34 

7.38 
8.15 
9.52 
61.31 

3.83 
4.73 

3.47 
4.28  i 


2.88 
80.7 

6.43 

7.48 
8.36 
9.85 
64.14 

3.78 
4.67 

3.38 
4.18 


12,622 

13,091 

0.51 

0:43 

.16 

.10 

2,304 

2,354 

19.63 

19.78 

3.18 

3.46 

89.0 

97.0 

6.24 

6.61 

7.28 

7.72 

8.10 

8.76 

9.63 

9.94 

61.97 

64.62 

3.89 

3.66 

4.80 

4.52 

3.49 

3.23 

4.31 

3.99 
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OPERATIONS    OK    KUEL-TESTINO    I'LANT    IN    19()5. 


Test  182. 

1 

Test  183. 

10.54 
35.48 
41.40 
12.52 

KiO.OO 
4.22 

Test  185. 

Test  184. 

Moisture 

Proxi  nale. 

!       u.:,7 

10.12 
35.55 
41.44 

12.80 

HJO.OO 
3.54 

11.87 

Volatile  njattcr 

1 

3<i.*W 

37.17 

Fixe<l  carbon 

Ash 

1        42.33 

1         11.37 

41.67 
9.29 

Sulphur 

1       KKJ.OO 
4.05 



ino.oo 

2.87 

VUimatr. 

Ciirbon  <* . 

1 

09.80 

08.42 
4.73 
0.08 
1.15 
4.72 

14.00 

100.00 

08.80 
4.70 
7.00 
1.10 
3.94 

14.34 

100.00 

72.57 

llydrogeu** 

1          4.83 

5.01 

Oxygen  " 

!          7.11 

7.39 

Nitrogen  o. 

1.18 

1.23 

Sulphur 

4.47 

3.26 

Ash 

12.55 

10.54 

1 

j       100.00 

100.00 

a  Figured  from  car  sample. 
PR0DTJ0ER-OA8  TEST. 
Tent  i1t7,  Indiana  No.  8. 

Size  as  shipped,  lump.    Sir,o  as  used,  over  1  inch,  78  per  cent;  i  inch  to  1  inch,  9  percent;  \  inch  to  ^ 
inch,  5  ix»r  cent;  under  \  inch,  8  jwrccnt.     Duration  of  test,  5:)  hours. 

A  verage  electrical  horsepower ax». 2 

Average  B.  T.  U.  gas.  per  cubic  foot 151.5 

Total  coal  fired pounds. .  15, 300 

COAL  CONSUMED    IN    rRODUCEK    (PCJUNDS    I'EK    HORSEI'OWER    HER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purpo.ses 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  enj?ine 

F.qaivalcnt  used  by  producer  plant. 

Per  electrical  horsepower: 

Avaifablc  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  fo^  outside  purposes 

Developed  at  engine 


Coal  as 
nred. 


Test  57. 


Dry  coal. 


1.37 
1.30 


1.70 
1.61 


1.45 
1.37 


Combus- 
I     tible. 


1.24 
1.18 


1.54 
1.46 


1.31 
1.24 


1.28 
1.22 


1.09 
1.03 


1.35 
1.28 


1.15 
1.09 


TESTS INDIANA. 


Ill 


Coal. 


Moisture 

Volatile  matter. 
Fixtnl  carbon. . . 
-\sli 


.Siil|i)iur. 


Test  57. 


9.21 
3G.78 
42.  G6 
11.35 

lUO.(N) 
3.80 


Gas  by  volume. 

Carbon  clio.xide  (COj) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (II j) 

Methane  (CIIO 

Nitrogen  (Nj) 


Test  67. 


9.5 
20.1 
11.3 

2.8 
56.3 


100.0 


WA8HIKO  TEST. 
Test  118,  Indiana  No.  8. 

Size  a.*<  shipped,  lump.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Kaw  coal pounds. .  16,000 

Washed  coal do 15,080 

Refuse do 920 

ANALYSES. 


I 


Test  118. 


Raw  coal. 

9.55 
36. 19 
43.65 
10.61 

3.72 

Washed 
coal. 

Moisture 

11.76 

Volatile  matter 

Fixed  carbon 

Ash 

9.52 

Sulphur 

3.18 

INDIANA  NO.  II. 

Bituminous  coal  from  Red  Bird  mine,  Fauvre  Coal  Company,  Macksvillc,  Vigo  County, 
Ind.,  on  the  Vandalia  Railroad. 

Two  separate  samples  were  shipped  under  the  supervision  of  Inspector  W.  J.  Von  Bor- 
ries  for  testing  purposes,  as  follows:  Indiana  No.  9  A  consisted  of  lump  coal  which  had 
bc^en  passed  over  a  IJ-inch  screen.  The  following  tests  were  made  on  this  sample:  Coking 
twl  No.  16,  steaming  tests  Nos.  168  and  169,  and  producer-gas  test  No.  52.  Indiana  No. 
9  B  was  made  up  of  run-of-mine  coal.  The  t^'sts  made  on  this  sample  were  washing  test 
No.  117,  coking  tests  Nos.  17  and  18,  and  steaming  test  No.  174. 

Two  mine  samples  were  collected  from  the  mine  for  chemical  analysis.  No.  1848  was 
taken  in  room  18  off  the  fifth  north  entry,  9(X)  feet  north  of  the  shaft,  and  No.  1849  from 
a  point  2,000  feet  N.  10®  E.,  in  the  fourth  east  entry  off  the  sixth  north  entry. 
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CHEMICAL  ANALYSES. 


La 
Ai 

II 

Mines 

ample. 

Car  sam- 
ple A. 

Car  sam- 
ple B. 

i.boratory  number 

.MS 
10.80 

13.73 
35.54 
42.08 
8.65 
3.00 

1849 
11.00 

14.33 
35.18 
42.02 
8.47 
2.70 

1973 
8.00 

12.82 
34.80 
42.08 
10.30 
3.27 
5.66 
61.16 
1.03 
18.58 

6,177 
11,119 

I960 

r-drying  loss. 

Moisturo 

10.70 
13.53 

V^olatilo  matter. .          .                                              

34.80 

Fixod  carbon 

40.91 

s 

Ash - 

10.76 

i 

5 

[Sulphur 

Hvdroecn.    .            

3.15 
5.78 

Carbon 

59.64 

Nitrogen 

1.06 

Oxygen *. .- ' 

19.61 

Ca 

loriflc  value  detc^rmlnod: 

Calorics 

British  thermal  units 

6,311 
11,360 

6,082 
10,948 

8TEAKINO  TESTS. 


Test  168,  In<liana  No.  0  A. 

Siee  as  shipped,  lump.  Size  as  used,  over  1  inch, 
40.6  per  cent;  )  inch  to  1  Inch,  24.2  per  cent;  \  inch 
to  I  inch,  15  per  cent;  under  i  inch,  20.2  per  cent. 
Duration  of  test,  9.92  hours.  Kind  of  grate,  rock- 
ing. 

Test  169,  Indiana  No.  9  A. 

Size  as  shipped,  lump.  Size  as  used,  over  1  inch, 
31.2  per  cent;  i  inch  to  1  inch,  21.6  per  cent;  }inch 


to  i  inch,  16  per  cent;  under  \  inch,  31.2  x)er  cent. 
Duration  of  test,  10.02  hours.  Kind  of  grate, 
rocking. 

Test  174,  Indiana  No.  9  B. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch  23.8  per  cent;  )  inch  to  1  inch,  21.7  per  cent: 
J  inch  to  i  inch,  18.2  per  cent;  under  \  inch,  36.3  per 
cent.  Duration  of  test,  6.7  hours.  Kind  of  grate, 
plain. 


MISCELI^NEOUS    ITEMS. 


Hciiting  value  of  coal B.  T.  U.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do — 

Furnace  temperature **F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  loot  of  water-healing  surface 
per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212  'F.: 

Per  pound  of  coal  as  fired do — 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

ElTlciency  of  boiler,  including  grate percent.. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


Test  168. 

Test  169. 

Test  174. 

12, 181 

12,447 

12,740 

.53 

.49 

.56 

.12 

.13 

.15 

2,349 

2,239 

2,064 

23.87 

21.13 

19.19 

3.62 

3.26 

3.14 

101.4 

91.5 

87.9 

6.37 

6.46 

0.23 

7.44 

7.54 

7.24 

8.45 

8.62 

8.19 

10.17 

10.18 

9.  .50 

66.99 

66.88 

62.08 

3.80 

3.75 

3.91 

4.69 

4.63 

4.82 

3.35 

3.28 

3.45 

4.14 

4.05 

4.26 

TESTS — INDIANA. 

ANALYSES. 
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Test  168. 


Proximate. 

fitioifltun? j 

Volatile  matter | 

Fixpd  carbon 


11.09 
34.76 


13.37 


Sulphur. 


100.00 
3.82 


Test  109. 


12.53 
34.80 
40.73 
11.94 


Tost  174. 


11.  G2 
36.33 
41.33 


Test  168.   Test  160.   Test  174. 


100.00  I 
3.52 


Ultimate. 

Carbon  a 

Hydrogen tf  ... 

Oxygi>n  a 

10.72  il  Nitrogen  a 

I  Sulphur 


100.00  ii 
2.95  I 


Ash. 


66.85 

68.40 

60.48 

4.64 

4.74 

4.98 

7.86 

8.03 

8.84 

1.12 

1.16 

1.23 

4.34 

4.02 

3.34 

15.19 

13.65 

12.13 

100.00         100.00 


100.00 


a  Figured  from  car  .sample. 

PRODTJCSR-OAS  TEST. 
TeHt  52,  In<liatia  No*  0  A. 

Siro  as  shipped,  over  li  inches.    Size  as  used,  over  1  inch,  78  per  cent;  )  Inch  tp  1  Inch,  10  percent; 
i  inch  to  I  inch,  5  per  cent;  under  J  inch,  7  per  cent.     Duration  of  test.  45  hours. 

.V  verage  electrical  horsepower 195. 8 

Average  B.  T.  U.  gas,  per  cubic  foot 151. 8 

Total  coal  flred,  pounds 15, 450 

CX)AL  CX>N8UM£D    IN    FRODUCER    (PorNDS   PER    HORSEPOWER   PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purpows 


Developed  at  engine. 


ANALYSES. 


Coal. 

Moisture 

Volatile  matter 

Fixed  carl)on 

Ash 

Sulphur 


Test  52. 

12.52 

36. 13 

41.2.5 

10.10 

100.00 
2.76 

Oo«  by  volume. 

Carbon  dioxide  (COj) .... 
Carbon  monoxide  (CO) . . . 

Hydrogen  (Hj) 

Methane  (ClI*) 

Nitrogen  (Nj) 


Test  62. 


10.6 
18.0 
11.6 
2.8 
57.1 


100.00 
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114  OPKU\T10NS    OF    FUEL-TESTING    PLANT    IN    1905. 

WA8HIV0  TEST. 
Tei«t  117,  Indiana  No.  O  B. 

Sire  as  shipped,  run  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modifled. 

Kaw  coal pounds. . .  18,000 

Washed  coal do 15. 4«f» 

Refuse do....  2,640 

ANALYSES. 


Moisture 

Volatile  matter. 
Fixed  carbon.. . 

Ash 

Sulphur 


Test  1 

17. 

r 

Raw  coal .  . 

Washed 
coal. 

1 
13.53  j 

14.55 

34.80    .. 

40.91  ! 

10. 76  ! 

8.14 

3.15  ! 

2.56 

OOKIHO  TESTS. 


TeHt  16.  Indiana  No.  O  A. 


Size  as  shipped,  over  1\  inches.    Size  as  used,  i 
finely  crushed.    Raw.    Duration  of  test,  90  hours.   | 

Coal  charged pounds..  12.000  I 

Coke  produced do 7,0.34  i 

Breeze  produced do 455  , 

Coke  produced per  cent . .    58. 62 

Breeze  produced do 3.  79 

Total  percentage  yield 62.  41 

iScmarfca.— Light-gray  and  silvery  color.    Some- 
what brittle.    High  ash  and  sulphur. 

Test  17.  Indiana  No.  9  B. 

Size  as  shipped,  run  of  mine.    Size  as  used, 
finely  crushed.    Raw.    Duration  of  test,  112  hours. 

Coal  charged pounds..  12,000 

Coke  produced do 7.006 

Breeze  produced do 464 

Coke  produced percent..    58.38 

Breeze  produced do 3.  87 

Total  percentage  yield 62. 25 


Re  marks. —Light  gray  and  silvery.  Fingered 
coke.     Ile^vy.    High  ash  and  sulphur. 

T<>Ht  18,  Indiana  No.  O  H,  waHhed. 

Size  as  shipiK>d,  run  of  mine.  Size  as  used, 
finely  crushed.    Duration  of  test,  90  hours. 

Coal  charged pounds..  12,000 

Coke  produced do 6,915 

Breeze  produced do 442 

Coke  produced percent..    .57. (W 

Breeze  produced , do 3. 68 

Total  percentage  yield 61. 31 

Remarks. —Light-gray  and  silvery  color.  Coal 
needs  oven  with  bottom  flues.  Of  3  charges  of 
Indiana  No.  9  none  could  be  made  to  coke 
entirely  to  bottom.  High  ash  and  sulphur.  Not 
much  improved  by  washing. 


ANALYSES. 


TESTS INDIANA. 
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INDIANA  NO.   lO. 

Bituminous  t-oal  from  mine  of  Park  County  Coal  Company,  Rosedale,  Park  County,  Ind., 
on  tlic  Vandalia  Railroad. 

A  sample  of  lump  coal  (over  1  J-inch  diamond  bar  screen)  was  shipped  under  the  super- 
vision of  Inspector  J.  W.  Grovi^s  and  was  used  in  making  washing  test  No.  116,  steaming 
t4»st  No.  167,  and  steaming  test  on  washed  coal  No.  177. 

Of  the  two  mine  samples  taken,  No.  ISS^  is  from  the  sixteenth  south  entry,  3,000  feet 

southeast  of  the  shaft,  and  No.  1854  is  from  the  eighteenth  north  entry.  3,000  feet  northeast 

of  the  shaft. 

OHEMIOAL  ANALYSES. 


Laboratory  number. 
Air-drying  loss 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 


iSulphur. . 
3   Hydrogen. 


Carbon. 


—   Nitrogim 

loxygen 

CaloriQc  value  determined: 

Calories 

British  thermal  units. . , 


I  Cat 

Mine  samples.        ^^^y^ 


1853  I 
8.  GO  [ 

11.54 
39.49 
39.35 
9.62 
4.41 


I 


6,475 
11,655 


1854 
9.60 

12.26 
38.62 
40.80 
8.32 
4.71 


1979 
8.10 

10.72 

39.29 

41.42 

8.57 

a83 

5.86 

63.48 

1.16 

17.10 

6,537 
11,767 


STEAKINO  TESTS. 
Test  167,  Indiana  No.  10.  i  TeHt  177,  Indiana  No.  10,  washed. 


Size  as  shipped,  lump.  Size  as  used,  over  1 
inch,  27.5  per  cent;  i  inch  to  1  inch,  25.8  per  cent; 
J  inch  to  i  inch,  19.2  per  cent;  under  J  inch,  27.5  per 
cent.  Duration  of  test,  10.05  hours.  Kind  of 
grate,  rocking.* 


Size  as  shipped,  lump.  Size  as  used,  over  1 
inch,  26.2  per  cent;  i  inch  to  I  inch,  33.6  per  cent; 
J  inch  to  i  inch,  24.6  per  cent;  under  J  inch,  15.6 
IKT  cent.  Duration  of  test,  10  hours.  Kind  of 
grate,  plain. 


MISCELLANEOUS   ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damx)cr inch  water. 

Above  fire do. 

Furnace  temperature ° F . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  squani  foot  of  water-heating  surface  per  hour, 

pounds 

Percentage  of  rated  hor8ei)ower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212**  F.: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efficiency  of  boiler,  including  grate per  cent. 


Test  167. 

Test  177. 

12,866 

13,505 

0.60 

0.45 

.18 

.09 

2,201 

2,473 

22.85 

23.05 

3.55 

3.76 

99.4 

105.3 

6.63 

6.25 

7.74 

7.27 

8.66 

8.17 

10.01 

8.89 

65.00 

58.03 
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OPhliATIONS    OF    FUEL-TESTING    PLANT   IN    1905. 
MISCELLANEOUS  ITEMS — Continued. 


Coal  iis  fl red: 

VvT  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horacpoi^'er  hour do 

Per  electrical  horsepower  hour do 


Test  167. 1  Test  177. 


3.65 

3.89 

4.51 

4.80 

3.27 

3.46 

4.03 

4.27 

Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 


Sulphur. 


Test  167. 

Test  177. 

10.  (iO 

10.98 

37.90 

41.13 

41.34 

41.65 

10.16 

0.24 

100.00 

100.00  i 

4.21 

3.50 

UtiimaU. 

Carbon  o 

Hydrogen  o 

Oxygen* 

Nitrogen  o 

Sulphur 

Ash 


Test  167. 1  Test  177. 


69.32  I 
5.10  I 

8.25  I 

1.26  j 
4.71 

11.36 


loaoo 


73.54 
5.40 

8.78 
1.34 
3.93 
7.01 

100.00 


o  Figured  from  car  sample. 

WABSnrO  TEST. 

Test  110,  Indiana  No.  10. 

Sixe  as  shipped,  lump.     Size  as  used,  caished  to  2  inches.     Jig  usM»d,  Stewart  modified. 

Haw  coal pounds. .  18,(J00 

Washed  coal do. ...   15,300 

Refuse do 2,700 


1              Test 

1  Raw  coal. 

1 

. . . '            10. 72 

,116. 

Washe<i 
coal. 

10.67 

...1            39.29 

. .  J            41.  42 

...'             8.57 

a  15 

...'             a83 

3.34 

1 

Molstun^ 

Volatile  matter. 
Fixed  carbon. . . 

.Vsh 

Sulphur 


INDI.WA  NO.   11. 

Bituminous  coal  from  mine  No.  4,  Island  Coal  Company,  Duggcr,  Sullivan  County,  Ind., 
on  the  Vandalia  Railroad. 

The  sample  was  .shipped  as  lump  coal  (over  1^-inch  and  I-^inch  screens)  and  loaded  under 
the  .supervLsion  of  Inspector  J.  VV.  Groves.  It  was  used  in  making  coking  test  No.  51;  steam- 
ing test.s  Nas.  'Z^i,  234,  and  235,  and  produccr-gjis  tost  No.  61. 

Two  mine  samples  weri'  taken  for  chemical  analysis,  one  of  which,  No.  1883,  was  from  room 
1,  first  west  entry,  (iOO  feet  northwest  of  the  shaft,  and  the  other.  No.  1884,  from  room  8, 
Urst  cast  entry,  500  feet  northeast  of  the  shaft. 


TESTS — INDIANA. 
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OHBMIOAL  ANALYSES. 


Laboratory  number. 
Ai r-drying  loss 


Moisture , 

Volatile  matter. 

Fixed  carbon 

JAsh 

(Sulphur 

Hydrogen 

Carbon 


2  Nitrogt^n 

(Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


Mine  samples. 


Car 
sample. 


1883 
10.60 

14.23 
33.04 
47.01 
6.72 


6,512 
11,722 


1884 
9.60 

12.62 
34.92 
45.48 
6.96 
2.35 


2087 
4.00 

12.15 
33.48 
46.23 
8.14 
1.41 
5.46 
64.92 
1.38 
18.69 

6,534 
11,761 


STEAMIHO  TESTS. 


Test  233,  Indiana  No.  11. 

Size  AS  shipped,  lump.  Sine  as  used,  over  1 
Inch,  27.4  percent:  i inch  to  1  inch,  25.1  percent; 
J  inch  to  I  inch,  18.6  per  cent;  under  i  inch,  28.9 
per  cent.  Duration  of  test,  9.65  hours.  Kind  of 
grate,  rocking. 

Test  234,  Indiana  No.  1 1. 

Sir.e  as  shipped,  lump.  Size  as  used,  over  1 
inch,  22.1  per  cent;  J  inch  to  I  Inch,  19.9  per  cent: 


i  inch  to  I  inch,  19.2  per  cent;  under  \  inch,  38.8  . 
per  cent.    Duration  of  test,  9.62  hours.    Kind  of 
grate,  rocking. 

Test  235,  Indiana  No.  11. 

Size  as  shipped,  lump.  Size  as  used,  over  1 
inch  20.8  per  cent;  §  Inch  to  I  inch,  19  per  cent; 
\  inch  to  i  inch,  19.4  \xir  cent;  under  \  inch,  40.8 
per  cent.  Duration  of  test,  9.95  hours.  Kind  of 
grate,  rocking. 


MI8CELLANBODS   ITEMS. 


!  I  I 

Test  233.    Test  234.    Test  235. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Foree  of  draft: 

Under  stack  damper Inch  water. 

Above  fire : .  .do.  . 

Fumaoo  temperature **F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  wat(*r-heating  surface 

per  hour pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  doal  as  fired pounds. 

Water  evaporated  from  and  at  212  'F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efficiency  of  boik»r,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Ver  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


13, 423 

13,333 

13, 473 

0.51 

0.48 

0.50 

.11 

.12 

.15 

2,677 

2,378 

2,494 

22.80 

20.22 

21.18 

3.66 

3.60 

3.43 

102.5 

91.4 

96.1 

6.61 

6.71 

6.66 

7.88 

7.99 

7.94 

8r94 

8.99 

9.03 

9.98 

10.06 

10.00 

64.32 

65.11 

64.72 

3.50 

3.54 

3.56 

4.43 

4.37 

4.40 

a  16 

3.15 

3.13 

191 

3.89 

3.87 
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OPERATIONS    OF    FUEL-TESTING    PLANT    IN    1905. 


Test  233.  i  Test  234.   Test  235. 


Test  233. ,  Test  234.    Test  23.5. 

I  !  I 


Proximalf. 

Moisturo 

Volatile  matter 

Fixed  carbon 

Ash 

Siilpliur 


I 

11.93 
33.01  I 
47. 16  I 
7.90  I 


100.00  I 


.50, 


11.15  j 
33. 18  I 
47. 23 
8.44  I 

100.00 
1.58 


1 1  Ultimate. 

12.14  il  Carbon  o 

31.29  |l  Hydrogen o... 
48.83   I  Oxygena 


7.74  "  Nitrogen «. 


100.00 


1.28  I 

!! 


Sulphur. 
Ash 


74.07  1 

73.65  1 

74.38 

4.69  1 

4.66  1 

4.71 

8.99  1 

8.95  1 

9.06 

1.58  ' 

1.56] 

1.58 

1.70 

1.78 

1.4a 

8.97  1 

9.50  , 

8.81 

100.00         100.00  , 


100.00 


a  Figured  from  ear  sample. 

PR0DTJCER-OA8  TEST. 

Test  Gl,  Indiana  No.  11. 

Size  as  shipped,  lump.    Size  as  used,  not  determined.    Duraticn  vi  test,  40  hours. 

Average  electrical  horsepower 200. 2 

Average  B.  T.  U.  gas,  per  cubic  foot 147. 1 

Total  coal  fired pounds. .  12, 750 

COAL  CX)N81IMED   m   PRODUCER    (l»OUNUa   PER   HORSEPOWER   PER   HOUR). 


Coal  as 
fired. 


Test  61. 


Dry  coal. 


Combus- 
tible. 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

rer  brake  horsepower: 

Available  for  outside  purjwses 

Developed  at  engine 

Eqxiivalent  ufted  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Develoi)ed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


1.46 
1.39 


1.25 

1.18 


1.59 
1.51  I 


1.35 
1.28 


1.32 
1.25 


1.13 
1.06 


1.44 

1..16 


1.22 
1.16 


ANALYSES. 


Coal 

Moisture 

V'oljitile  matter 

Fixod  carbon 

Ash 

Sulphur 


Test  61. 


13.03 
.T2.r)2 
46.  11)  ■ 
S.  26 

100  (K) 
l.«W  I 


Oajt  by  volume. 

Carbon  dioxide  (COi) 

Carbon  monoxide  (CO) 

Hydrogen  (Ms) 

Methane  (CIIO 

Nitrogen  (N2) 


Test  61. 


10.6 
18.3 
13.9 
3.1 
54.1 

100.0 


TESTS — INDIANA    AND    KANSAS. 
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OOKnrO  TEST. 
TeRt  51,  Indiana  No.  11. 

Si/e  as  shipped,  lump.    Size  as  used,  finely  crashed.    Raw.    Duration  of  test,  50  hours. 

Coal  cha rged pounds. .  12, 000 

Coke  produced do 6, 600 

Breeze  produced do 460 

Coke  produced per  cent. .    55. 00 

R  reoze  produced do 3. 83 

Total  percentage*  yield 58. 83 

/f^nnrit*.— Fine-fingered  coke.    Sulphur  and  ash  high.     Washing  would  probably  reduce  both  and 
make  a  good  grade  of  coke. 

ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon. . . 

Ash 

Sulphur 


Tes 
Coal. 

t51. 

Coke. 

11.90 

1.55 

32. 50 

1.66 

46.94 

84.09 

8.66 

12.70 

1.53 

1.34 

KANSAS  NO.  5. 

Bituminous  coal  from  mine  No.  11,  Southwestern  Development  Company,  West  Min- 
eral, Kans.,  on  the  Missouri,  Kansas  and  Texas  Railway. 

This  sample  was  shipped  in  1904  by  M.  R.  Campl)ell,  of  the  United  States  Geological 
Survey,  and  consisted  of  coal  that  had  been  passed  over  a  five-eighths  inch  screen.  During 
the  Expi>sition  period  a  steaming  test  was  made  on  this  coal  a,  and  at  the  beginning  of  1905 
pn>ducer-gas  te-st  No.  25  was  run. 

Mine  samples  were  taken  at  widely  separated  points  in  the  mine,  the  analyses  of  which 
are  given  under  Nos.  1411  and  1413. 

CHEMICAL  ANALYSES. 


laboratory  number. 
Air-<lrying  loss 


cj  (Moisture 

g  I  Volatile  matter. 
■><j Fixed  carbon... 
IllAsh 


.(ISulphur 

^  II ydrogcn 

S  (^arbon 

f^   Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units.. 


Mine  samples. 


Car 
sample. 


1411 
3.20 

5.11 

32.60 

53. 39 

8.90 

4.34 


7,181 
12,926 


1413 
4.30 

5.79 
32.34 
49.32 
12.55 

3.84 


1567 
2.30 

4.10 
31.65 
53.71 
10.54 

3.77 

5. 10 
70.25 

1.06 


7,164 
12.895 


«  See  Bull. 


.  S.  (Jeol.  .'Purvey  No.  201,  lOft'i,  p.  81. 
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OPERATIONS    OF    FUEL-TESTING    PLANT   IN    1905. 


FR0DTJ0ER-OA8  TEST: 
Test  ^S,  KaiiHaH  No.  5. 

Sire  as  shipped,  over  |  inch.    Duration  of  test,  30  hours. 

Average  electrical  horsepower •. 208. 0 

Average  B.  T.  U.  gas,  per  cubic  foot r 128. 9 

Total  coal  flnxl, pounds 8,650 

COAL  CONSUMRD    IN    PRODUCER   (POUNDS    PER    HORSEPOWER   PER   HOUR). 


Test  25. 


Per  elsrtricai  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  lK)ard , 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board    

Per  brake  horsepower: 

•   Available  for  outside  purposes 

Developed  at  engine 


ANALYSES. 


Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  25. 


4.23  I 
31.49  j 
54.09  ] 
10. 19  j 

100.00 
3.18 


Oas  by  volume. 

Carbon  dioxide  (COi) 

Carbon  monoxide  (CO) 

Hydrogen  (IIi) 

Methane  (CHO 

I  Nitrogen  (Nj) 

Oxygen  (Oj) 


Test  2'i. 


15.5 
10.8 
3.1 
61.2 
.3 


100.0 


KENTUCKY  NO.  l.« 

Bituminous  coal  from  mine  No.  2,  Straight  Creek  Coal  and  Coke  Company,  Straight 
Creek,  Bell  County,  Ky.,  on  the  Louisville  and  Nashville  Railroad. 

Two  samples  of  coal  were  shipped  from  this  mine  under  the  supervision  of  Inspector 
J.  W.  Groves,  as  follows:  Kentucky  No.  1  B  conaist<?d  of  half  3-inch  and  1-inch  coal  and 
half  three-fourths  inch  coal,  and  was  used  in  making  producer-gas  test  No.  79  and  coking 
test  No.  7G.  Kentucky  No.  1  C  consisted  of  1  J-inch  slack  coal,  and  the  tests  made  on  this 
sample  were  as  follows:  Coking  test  No.  71  and  steaming  tests  Nos.  255,  263,  and  265. 

Two  mine  samples  were  taken  from  this  mine  for  chemical  analysis.  No.  2350  was  taken 
in  nxim  99  off  the  main  entry,  3,000  feet  northeast  of  the  drift  mouth,  and' No.  2351  was 
taken  iu  room  48  off  the  fourth  north  butt  entry,  3,G00  feet  from  the  drift  mouth. 


a  For  tests  made  during  1904  see  Hull.  U.  B.  (Jeol.  Survey  No.  201,  1905,  pp.81, 126,  ISO. 


TESTS KENTUCKY. 

OHSXIOAL  AKALY8E8. 
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Laboratory  number. 
Air-dr>ing  loss 


cj  ( Moisture 

1 1  V'olatite  matter 

g  I  Fixed  carbon 

^IjAsh 

[Sulphur 

is   Hydrogen 

c  H'arlwn 

^   Nitrogen 

[Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


Mine  samples. 


2350 
1.50 

3.42 

35.90 

57.50 

3.18 

1.53 


7,986 
14,375 


2351 
1.20 

3.25 
36.08 
57.74 

2.93 
.91 


Car 
I  sample. 

2445 
3.70 

5.21 

33.47 

53.10 

H.22 

1.12 

5.28 

;3.08 

1.67 

lO.&i 

7,341 
13,214 


8TE4KINO  TESTS. 


Test  M5,  Kentucky  No.  1  C. 

Size  as  shipped,  l^-inch  slack.  Size  as  used, 
over  1  Inch,  21.1  percent;  i  inch  to  1  inch,  26.7  per 
cent;  }  inch  to  )  inch,  20.0  per  cent:  under  \  inch, 
32.2  per  cent.  Duration  of  test,  8.13  hours.  Kind 
of  grate,  plain. 

Tent  263,  Kentncfcy  No.  1  C. 

8ixe  as  shipped,  l^inch  slack.  Size  as  used, 
over  1  inch,  18.4  percent;  i  inch  to  1  inch,  22.2  per 


wnt;  \  inch  to  }  inch,  21.2  per  cent;  under  J  inch 
38.2  per  cent.  Duration  of  test,  9.98  hours.  Kind 
of  grate,  rocking 

Test  265,  Kentucky  No.  1  C. 

Size  as  shipped,  IJ-inch  slack.  Size  as  used, 
over  1  inch  35.8  percent;  }  inch  to  1  inch.  24.4  per 
cent;  \  inch  to  i  inch.  17.0  percent:  under  J  inch, 
22.8  per  cent.  Duration  of  test,  6.83  hours.  Kind 
of  grate,  plain. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coaI.  . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do — 

Furnace  temperature '  F. . 

Dry  coal  used  per  square  foot  of  grate  surfa(«  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F.: 

Per  pound  of  coal  as  fired do — 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do — 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


Test  255. 


14,414 


0.44 
.12 


17.73 

3.30 
92.7 
7.53 

8.94 
9.34 
10.08 
62.58 

3.16 
3.91 

3.03 
3.74 


Test  'Ka, 


14,272 


0.47 
.23 


16.02 

2.82 
78.9 

7.82 

9.38 
9.81 
10.8;4 
66.38 

3.01 
3.T2 

2.88  I 
3.56 


Test  265. 

14,245 

0.46 

.13 

2,118 

14.43 

2.76 
77.2 
7.74 

9.18 
9.57 
10.44 
64.  S8 

3.08 
3  SO 

2.  % 
3.65 
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OPERATIONa    OF    FrEL-TESTINO    PLANT    IN    1905. 


ANALYSES. 


Proximatf. 

Moisture 

Volatile  matter. 
Fixed  carbon . . . 
Ash 


Test  255.  I  Test  2(V3.  Test  2(i5. ' 


Sulphur. 


4.26 
34.48 
55. 70 

5.56 

100.00 
.87 


4.45 
34.51 

54. 72 
6.32 


100.00 
.98 


4.14 
33.92 
55.40 

6.54 


100.00  I' 
.98  ll 


Test  255. 

Test  263. 

Test  2<.5. 

Ultimate. 
Carbono 

79.78 
5.14 
6.54 
1.82 
.91 
5.81 

78.98 
5.08 
6.49 
1.80 
1.03 
6.62 

78.82 

Hydrogeno 

Oxygen« 

5.07 
6.47 

Nitrogena 

Sulpliur 

Ash 

1.8C 
1.02 
6.82 

100.00 

100.00 

100.00 

o  Figured  from  car  sample. 

FRODUCER  GAS  TEST. 

Teftt  70,  Kontiicky  No.  1  B. 

Size  as  shipped,  J  inch  to  3  inches.    Size  as  used,  over  1  inch,  94  per  cent;  i  inch  to  1  Inch,  5  percent; 
i  inch  to  J  Inch,  1  per  cent.     Duration  of  test,  50  hours. 

Average  electrical  horsepower...   .  19ii.9 

Average  B.  T.  U.  gas,  per  cubic  foot I6»j.  5 

Total  coal  fired pounds. .  13,050 

COAL  CONSUMED   IN    PRODUCER    (POUNDS   PER  HORSEPOWER  PER  HOUR). 


Test  79. 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  pur]x>se.s 

Developed  at  engine 

KquuHilent  used  by  prmlucer  plant.  . 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Devclojxid  at  switch  board 

Per  brake  horsepower:  '  * 

Available  for  outside  purpo.ses 

Developed  at  engine 


Coal  as        Dry 
fired.         coal. 


1.40 

l..^'^ 


1.19 
1.13 


1.49 
1.41 


L26 
1.19 


1.37 
1.29 


1.16 
1.10 


1.45 
1.37 


1.16  I 


Combus- 
tible. 


1.32 
1.25 


1.12 
1.06 


.40 
.32 


1.19 
1.12 


ANALYSES. 


Coal. 


Moisture 

Volatile  matter. 
Fixed  carbon. . . 
Ash 


Sulphur. , 


I  Test  79. 


2.01 
3<).  29 
57. 73 

3. 37 

100.00 

.88 


Gatt  by  volume. 

Carbon  dioxide  (CO|) 

Cari>on  monoxide  (CO) 

Hydrogen  (Hj) 

Methane  (CII<) 

Nitrogen  (Nj) 


Test  79. 


9.2 
20.3 
14.2 

3.5 
52.8 


100.00 


TESTS KENTIK^KY. 
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COKnrO  TESTS. 


Teitt  76,  Kentucky  No.  1  B. 


Test  71,  Kentucky  No.  I  C. 


Sizn  as  shipped,  ]  inch  to  3  inches.    Size  as  used, 
finely  cnished.    Raw.    Duration  of  test,  51  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 8,026 

Brpeze  produced do  ...        257 


Coke  produced per  cent . 

Breeze  productHi do. . . 


frfi.88 
2.14 


Total  percentage  yield 

Rcmart.v.— Fine-flngered  coke, 
very,  somewhat  iirittle 
ited  carbon. 


Size  as  shipped,  \\  inches  slack.    S'xtv.  as  used, 
finely  crushed.    Raw.    Duration  of  test,  04 hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 7,319 

Bnt'.ze  produced do 355 


Coke  produced per  cent. .    <X).  99 

Breeze  produced do 2.96 


69.02  Totiil  percentage  yield 03.95 

Light  gray,  sil-  .  Remarks.— Light  gray,  with  some  little  depos- 

lligh  yield  due  to  depos-  j  ited  carbon.    Ciood  coke.    Washing  would  prob- 

I  al)ly  reduce  ash  and  improve  quality  of  coke. 

ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon.. 

Ash 

Sulphur 


KENTUCKY  NO.  5. 

Bituminous  coal  from  Gilliam's  Rockhouse  prospect,  Interstate  Investment  Company, 
on  Big  Black  Mountain,  Harlan  County,  Ky.,  15  miles  from  the  Louisville  and  Nashville 
Railroad. 

This  was  a  sample  of  run-of-mine  coal  that  was  mined  from  a  small  prospect  hole  on 
the  outcrop  andihauled  in  wagons  to  the  railroad  under  the  supervision  of  Inspector  J.  S. 
Burrows.  The  following  tests  were  made  on  this  sample:  Coking  test  No.  75,  steaming 
tests  nos.  276  and  277,  and  producer-gas  test  No.  81. 

Three  samplers  for  chemical  analysis  were  obtained  by  the  inspector  from  this  deposit  of 

coal,  which  is  locally  known  as  the  *'  High  Splint  l)ed,"  as  follows:  No.  2271  was  taken  from 

a  prospect  hole  1  mile  south  of  Gilliam's  Rockhouse;  No.  2272  from  the  face  of  Gilliam's 

Rockhouse  prospect  hole,  25  feet  from  the  outx'rop;  and  No.  2270  was  .selected  from  a 

quantity  of  weathered  coal  lying  in  the  ravine  lx>low  the  point  from  which  No.  2271  was 

taken. 

OHEJaOAL  ANALYSES. 


I.Aboratory  number. 
Air-drying  loss 


S 


Moisture 

Volatile  matter. 
Fixed  carbon . . . 

{Ash 
Sulphur 

Hydrogen 

Carbon 


Mine  samples. 


2271 
2.10 

4.45 
36.27 
56.  a5 

3.23 
.54 


2272 
2.50 

4.72 
35.74 
57.06 

2.48 
.54 


2270 
2.20 

4.32 
36.04 
57. 36 

2.28 
.48 


r  Nitrogen 

Oxygen 

Calorific  value  dctennmed: 

Calories 

British  thermal  units. . . 


Car 
sample. 

2528 
2.80 

4.36 
35.02 
56.92 

3.70 
.67 

5. 16 
77.44 

1.57 
11.46 


7,845 


7,735 
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OPERATIONS    OF    FIT  EL-TESTING    PLANT    IN    1905. 


STEAXINO  TESTS. 


TeHt  276,  Kentucky  No.  5. 


Size  as  sbipped,  run  of  mine.  Size  as  used,  over 
1  inch,  67.5  percent;  }  inch  to  I  inch,  11.6  percent; 
J  inch  to  J  inch,  7.4  per  cent;  under  J  inch,  13.5 
percent.  Duration  of  test,  9.78  hours.  Kind  of 
grate,  rocking. 


TeRt  277,  Kentucky  No.  «. 

Size  as  shipped,  run  of  mine.  Slab  as  used,  over 
1  inch,  5^.4  percent;  i  inch  to  1  inch,  14.7  ixjrcent; 
J  inch  to  i  inch,  11.8  per  cent;  under  \  Inch,  19.1 
per  cent.  Duration  of  test,  9.30  hours.  Kind  of 
grate,  plain. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  f\TG do. . . 

Furnace  temperature "F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 

pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired. i>ound8. 

Water  evaporated  from  and  at  212  °F. : 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efficiency  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour ,do.-. 


Test  276. 


14,571 

0.45 

.15 

2,799 

21.98 

3.98 
111.6 
8.01 

9.63 
10.10 
10.62 
66.94 

2.94 
3.63 

2.80 
3.46 


Test  277. 


14,510 


0.36 
.08 


3.20 
89.7 
8.28 

9.86 
10.42 
11.13 
69.35 

2.87 
3.54 

2.71 
3.35 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 


Sulphur . 


Test  276. 

Test  277. 

• 
4.72 

5.40 

34.96 

34.57 

56.57 

56.06 

3.75 

3.97 

100,00 
.63 


Test  277. 


Ultimate. 

Carbon  a 

Hydrogen  a 

Oxygena 

Nitrogen* 

Sulphur 

Ash 


100.00 


«Figure<l  from  car  sample. 


FRODUCER-OAS  TEST. 
Test  81,  Kentucky  No.  5. 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  1  inch,  71  per  cent;  J  Inch  to  1  Inch,  10  percent; 
J  Inch  to  J  inch,  8  per  cent;  under  i  inch,  11  per  cent.     Diimtlon  of  te«t,  .50  hours. 

Average  electrical  horsepower 198. 2 

Average  B.  T.  U.  gas,  per  cubic  foot 163.2 

TotaJ  coal  fired pounds..  12,900 


TESTS K  ENTTTCK  Y . 
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COAL  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PER  HOUR). 

Test  81. 

Coal  as 
fired,    i 


Per  chx*trical  horsejiower: 

Available  for  outsido  purposes 

Developed  at  switch  board 

Per  bnke  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

EquivalerU  used  by  producer  plarU. 

Per  cloetrlcal  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


1 

Com- 
bustible. 

1.33 

1.28 

1.25 

1.20 

i.l3 

1.08 

1.07 

1.02 

1.42 

1.36 

1.33 

1.28 

1.20 

1.15 

1.13 

1.08 

Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  81. 


3.75 
36.05  I 
66.17  I 

4.03 

100.00 
0.47 


Oas  by  volume. 

Carbon  dioxide  ((X>,) 

Carbon  monoxide  (CO) 

Hydrogen  (IIj) 

Methane  (ClU) 

Nitrogen  (Nj) 


Test  81. 


8.8 
21.0 
14.9 

3.4 
51.9 


JOO.O 


COKIVO  TEST. 
TeHt  75,  Kentucky  No.  5. 

Sine  as  shipped,  run  of  mine.    SIxe  as  used,  finely  crushed.     Rjjw.     Duration  of  test,  49  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 7,993 

Breewj  produced do 256 

Coke  produced per  cent. .    66. 61 

Brcc7.e  produced do 2. 13 

Total  percentage  yield 68. 74 

jRe mar*"*.— Light  gray  and  silvery.     Fine  heavy  coko.     High  yield  due  to  deposited  carbon. 

ANALYSES. 


Moisture 

Volatile  matter. 
Fixed  carbon.. . 

Ash 

Sulphur 


Test  75. 


Coal.     1 

Coke. 

4.07 

0.30 

35.33  •■ 

1.21 

56. :« 

93.26 

3.70 

5.23 

.45 

.41 
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OPKUATU)NS    OF    FUEL-TE8TIN(J    PLANT    IN    1!^5. 


KKNTl'C'KV    NO.  «. 

Bituminous  roal  furi^'rhed  hy  Justus  Collins,  of  (  harU»ston,  W.  Va.,  from  MilliT  Creek 
country  bank,  5  miles  southeast  of  Paintsville,  Johnson  County,  Ky.,  7  miUis  from  the 
Chesapi^ake  and  Ohio  Railway. 

This  sample  consisted  of  run-of-mine  coal,  which  was  loaded  in  wagons  and  hauled  to 
the  railroad  under  the  supervision  of  Inspector  W.  J.  Von  Borries.  It  was  used  in  making 
coking  tests  Nos.  86  and  90,  steaming  tests  Nos.  270  and  271,  and  producer-gas  test  No.  85. 

Two  mine  samples  were  taken  from  this  country  bank  for  chemical  analysis.  No.  2405 
wa.s  from  the  first  right  entry,  100  feet  west  of  the  drift  mouth;  No.  2406  was  taken  on  the 
main  entry,  140  feet  west  of  the  drift  mouth. 

CHEMICAL  ANALYSES. 


Mine  samples. 


Laboratory  nurnl)er. 
Air-drying  loss 


Moisture 

V^olatile  matter. 

Fixed  carbon 

Ash 


(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

,  Oxygen 

Calorific  value  determined: 

Calories 

British  thernuil  units. . 


2405 
4.50 

6.95 
35.03 
55.99 

2.03 

.48 


7,e04 
13,687 


2406 
4.20 

6.52 
34.42 
56.80 

2.26 
.45 


Car  sam- 
ple. 

2592 
2.20 

5.12 
36.49 
55.63 

2.76 
.57 

5.47 
77.20 

1.45 
12.55 

7.635 
13.743 


STEAMtNO  TESTS. 


TeHt  270,  Kentucky  No.  «. 


Test  271,  Kentucky  No.  6. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over  Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch.  62.6  i)ereent,  A  inch  to  1  inch,  16.5  percent;  !  1  inch,  62.2  percent;  A  inch  to  1  inch,  14.1  p<»reent: 
i  inch  to  i  mch,  9.4  per  cent:  under  J  inch,  11.5  per  '  J  inch  to  J  inch,  7.6  percent;  under  J  inch,  16.1  per 
cent.  Duration  of  test,  10.02  hours.  Kind  of  I  cent.  Duration  of  lest,  10.02  hours.  Kind  of 
grate,  plain.  I  grate,  plain. 


.MISCELLANEOUS    ITEMS. 


Ib'uting  value  of  coal B.  T.  V.  per  pound  dry  coal. 

B'orci'  of  draft: 

Under  stack  damper inch  water. 

Above  fire do 

Furnace  tempi-rature °F. 

Dry  coal  u.sed  per  square  foot  of  gnitf  surface  i>er  hour pounds. 

Equivalent   water  evaporated  per  square   foot   of  water-heating  surface  per 

hour pounds., 

Pcrcenlage  of  rated  horsepower  of  ]>oilor  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. , 

Water  evaporated  irom  and  at  212°  ¥.: 

Per  pound  ol  coal  as  fired do 

Vri  pound  <»I  dry  coal do 

Per  pound  ol  comhuslihie do 

E/Ticiency  of  boiler,  including  grate per  cent. . 


Test  270. 

Test  271. 

14,445 

14,512 

0.37 

0.35 

.08 

.05 

2,412 

2,426 

16  03 

15.86 

3.19 

a  12 

89.4 

8^.6 

7.91 

7.83 

9.50 

9.37 

0.96 

9.86 

10.42 

10.33 

66.59 

65.61 

TKSTS — KENTUCKY. 

MISt^ELLANtX^UH    ITEMS— COlltinUcd. 
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,  Test  270.    Test  271. 


C'oul  as  Jinnl: 

I'er  indicHti'd  horsepower  hour pounds. 

IVr  eltx-trical  horsepower  hour do. . . 

Dry  coal: 

Per  iudiciited  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


2.98 
3.U8 


2.84 
3.51  i 


3.02 
3.73 


2.87 
3.54 


Projimaie. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


'Test  270. 

Test  271. 

4.60 

5.01 

35.63 

36.23 

50.56 

56.09 

3.12 

2.67 

100.00 

100.00 

.44 

.48 

VUimate. 

Carbona 

Hydrogen  a 

Oxygen  a 

Nitrogen  a 

Sulphur 

Ash 


Test  270. 

Test  271. 

81.18 

81.53 

5.16 

5  19 

8.41 

8.43 

1.52 

1.53 

.46 

.51 

3.27 

2.81 

100.00 

100.00 

a  Figured  from  ear  sample. 

PRODUOER-OAS  TEST. 
TeMt  Ko,  Kentucky  No.  6. 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  1  inch,  73  percent;  \  inch  to  1  inch,  11  per  cent;  \  inch 
to  \  inch,  5  per  cent;  under  \  inch,  11  per  cent.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 190. 5 

Average  B.  T.  U.  gas,  per  cubic  foot 176. 0 

Total  coal  fired pounds. .  12, 600 

COAL  CONSUMED  IN  PRODUCER  (l*OUND8  PER  HORSEPOWER  PER  HOUR). 


IVr  elt»ctrical  horsepower: 

Availnl>le  for  outside  purposes 

I)cveIop<Ml  at  switch  board 

Per  brake  horsepower: 

A  vailable  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  jdant 

Per  electrical  horsepower: 

.\  vailable  for  outside  purposes 

Dcvelop<»d  at  switch  board 

Per  brake  hors<'power: 

A  vailable  for  outside  purpose's 

Developed  at  engine 


Test  85. 


Coai  as 
fired. 


1.34 
1.26 


1.14 
1.07 


Dry  coal. 


1.28 
1.21 


1.09 
1.03 


Combus- 
tible. 


1.24 
1.16 


1.05 


1.42 

1.35 

1.30 

1.33 

1.27 

1.23 

1.20 

1.15 

1.11 

1.13 

1.08 

1.04 
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OPERATIONS    OF    FUEL-TESTING    PLANT    IN    1905. 


Coal. 

Moistun> 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Oas  by  volume. 

Carbon  dioxide  (COi^ 

Carbon  monoxide  (CO) 

Hydrogen  (llj) 

Methane  (CIL) 

Nitrogen  (N») 


Te^t  85. 


23.6 
10.  C 
2.9 
49.2 


100.0 


COKniO  TESTS. 


Test  86,  Kentucky  No.  6. 

Size  as  shipped,  run  of  mine.  Size  as  used,  finely 
crushed.    Raw.    Duration  of  test,  56  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 6,780 

Breeze  produced do 587 

Coke  produced per  cent. .    56, 50 

Breeze  produced do 4. 89 

Total  percentage  yield 61. 39 

Remarks.— Li^t  gray  and  silvery,  with  ^-inch 
black  butts.  Fine-fingered  coke.  Could  not  bum 
coal  to  coke  without  butts.    Very  hard  to  bum. 


TeHt  00,  Kentucky  No.  6. 


Size  as  shipped,  mn  of  mine.  Size  as  used,  finely 
crushed.    Raw.    Duration  of  test,  55  hours. 

Coal  charged pounds..  12,000 

Coke  produced do 6,659 

Breeze  produced do 447 

Coke  produced per  cent . .    55. 49 

Breeze  produced do 3.73 

Total  percentage  yield 59. 22 

/?«marit«.— Light  gray  and  silver>'.  One-half 
inch  black  butts  could  not  be  remedied,  though 
this  test  is  better  than  No.  86.  Fine-fingered 
coke. 


ANALYSES. 


Test  86. 

Test  90. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture 

6.21 
36.82 
55.62 

2.35 
.61 

2.8t 

1.27 

9L93 

.40 

6.42 
36.82. 
65.30 

2.46 
.48 

1.64 

Volatile  matter » 

1.69 

Fixed  carbon 

92.26 

Ash . . 

4.41 

Sulphur 

.37 

KENTUCKY  NO.  7. 

Bituminous  coal  from  Central  mine,  Central  Coal  and  Iron  Company,  Central  City, 
Muhlenberg  County,  Ky.,  on  the  Illinois  Central  Railroad. 

This  sample  was  shipped  under  the  supervision  of  Inspector  J.  W.  Groves,  and  consisted 
of  "standard  lump"  coal  over  l^-inch  bar  screen.  The  sample  was  used  for  making  coking 
test  No.  85,  steaming  tests  Nos.  278  and  279,  and  producer-gas  test  No.  84. 

Mine  samples  taken  for  chemical  analysis  were  as  follows:  No.  2453  was  taken  from  the 
face  of  room  43  off  the  fourteenth  north  entry,  H  miles  northeast  of  the  shaft;  No.  2454 
was  taken  from  room  9  off  the  fourteenth  south  entry,  IJ  miles  south  of  the  shaft. 


TESTS KENTUCKY. 
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Laboratory  number ^. 

Air-drying  loss 


Mine  samples. 


Moisture 

Volatile  matter. 
Fixed  carbon.... 
JAsh 


nSulphur 

5  Hydrogen 

J  Carbon 

g  Nitrogen 

Oxygen 

Calorifk;  value  determined: 

Calorics 

British  thermal  units. . . 


2453 
6.70 

&76 
35.02 
46.80 
9.42 
4.07 


6,647 
11,965 


2454 
3.90 

8.75 
34.00 
46.48 
10.77 

3.69 


Car  sam- 
ple. 

2505 

aoo 

8.47 
35.24 
46.81 
9.48 
3.60 
5.24 
65.77 
1.2? 
14.  CH 

6,65d 
11,986 


•TlAKnrO  TESTS. 


Test  278,  Kentucky  No.  7. 

Sixe  as  shipped,  standard  lump.  Size  as  used, 
over  1  Inch,  26.8  percent;  }  Inch  to  1  inch,  24.7  per 
cent;  \  inch  to  |  inch,  20.6  per  cent;  under  i  inch, 
27.9  percent.  Duration  of  test,  9.60  hours.  Kind 
of  grate,  rocking. 


Test  279,  Kentucky  No.  7. 

Size  as  shipped,  standard  lump.  Size  as  used, 
over  1  inch,  36.1  per  cent;  ^  Inch  to  1  inch,  24.1  per 
cent;  |  inch  to  ^  inch,  7.4  per  cent;  under  \  inch, 
32.4  per  cent.  Duration  of  test,  9.22  hours.  Kind 
of  grate,  plain. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do . . . 

Furnace  temperature ®F 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surfnce  per 
hour pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212<*  F.: 

Per  pound  of  coal  as  fired do ... . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

EfBdcncy  of  boiler,  including  grate per  cent . . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do 
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ANALYSES. 


Test  278. 

Test  279. 

1 

1 

Test  278. 1  Test  279. 

i 

ProxinuUe.               , 
Moisture 9. 39 

9.01 
3a  72 

1 

{                   Ultimate. 

1  Carbon  « 

68.66  i          68.36 

Volati le  matter '       33. 27 

1  Hydrogen" 

4.49              4.47 

Fixed  carbon '        45.49 

44.92 
12.35 

1  Oxygen « .  . 

7. 42              7.  30 

Ash '        11.85 

j  Nitrogena 

1.34               1.33 

1     fliilnViii* 

5.01               4.88 
iao8          ia57 

1      100.00 
Sulphur '         4.64 

100-00  1    Ash 

4.44, 

'i 

100.00 

100.00 

o  Figured  from  car  sample. 

FR0DTT0ER-OA8  TEST. 
Test  84,  Kentucky  No.  7. 

Size  as  shipped,  "standard  lump. "    Size  as  used,  over  1  inch,  73  per  cent;   )  inch  to  1  inch,  14  percent; 
J  inch  to  i  inch,  6  per  cent;  under  J  inch,  7  per  cent.    Duration  of  test.  50  hours. 

Average  electrical  horsepower 195. 5 

Average  B.  T.  U.  gas,  per  cubic  foot 153. 7 

Total  coal  fired pounds. .  15,300 

COAL   CONSUMED   IN    PRODUCER   (POUNDS   PER   HORSEPOWER   PER  KOUR). 


Test  84. 


Per  electrical  horsepower: 

Available  for  outside  purpose* 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  bralce  horsepower: 

.\vallable  for  outside  purposes 

Developed  at  engine  . . ; 


[koalas 
fired. 

c^oLT. 

Com- 
bustible. 

1.66 

1.52 

1.36 

1.57 

1.43 

1.28 

1.41 

1.29 

1.16 

1.33 

1.22 

1.09 

1.75 

1.60 

1.44 

1.65 

1.51 

1.35 

1.49 

1.36 

1.22 

1.40 

1.29 

1.15 

Coal. 


Moisture 

Volatile  matter. 
Fixed  carbon . . . 
Ash 


Sulphur. 


Test  84. 


8.47 
35.24 
46.81 

9.48 


100.00 
3.60 


Oas  by  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) 

Hydrogen  (IIj) 

Methane  (CHO 

Nitrogen  (Ni) 


Test  84. 


9.6 
19.2 
13.1 

3.1 
55.0 


100.0 
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GOKDIO  TS8T. 
Tent  85,  Kentucky  No.  7. 

Size  as  shipped,  "standard  tump."    Size  as  used,  finely  crushed.    Raw.    Duration  of  test,  40  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 6,865 

Breeze  produced do 342 

Coke  produced per  cent. .    57. 21 

Bmeze  produced do 2.  P5 

Total  peroentagQ  yield 60. 06 

Remarks.    Light  gray  silvery.     Good  weight  coke.     Contains  large  amount  of  hard  clinker  on  top 
and  through  cracks.    Ash  and  sulphur  both  high,  might  bo  improved  by  washing. 

ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon.. 

.\sh 

Sulphur 


Test  85. 

Coal. 

Coke. 

8.82 

0.23 

35:03 

2.16 

46.78 

82.97 

9.37 

14.64 

3.56 

3.16 

MARYLAND  NO.  1. 

Bituminous  coal  from  Washington  No.  3  mine,  Piedmont  and  Georges  Creek  Goal  Com- 
pany, 2  miles  north  of  West^mport,  Garrett  County,  Md.,  on  the  Cumberland  and  Penn- 
sylvania Railroad. 

This  sample  of  coal  was  loaded  under  the  supervision  of  Inspector  J.  W.  Groves,  and 
consisted  of  run  of  mine.  It  was  used  in  making  washing  test  No.  130,  coking  tests  Nos. 
50,  54,  and  58,  steaming  test  No.  222,  and  steaming  tests  on  washed  coal  Nos.  231  and  232. 

Two  mine  samples  were  taken  for  chemical  analysis,  as  follows:  No.  2018  was  cut  from 

the  face  of  room  2,  sixth  right  entry,  1,600  feet  west  of  the  drift  mouth;  No.  2019  was 

cut  from  the  face  of  room  3,  o(f  the  eighth  left  entry,  1,900  feet  southwest  of  the  drift 

mouth. 

OHEMICAL  ANALYSES. 


Laboratory  number . 
Air-drying  loss 


«  I  Moisture 

g  I  Volatile  matter 

^  I  Fixed  carbon 

£l|.\8h 

rjSuIphur 

g   Hydrogen 

c.  Carbon 

5  Nitrogen 

^  Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


Mine  samples. 


3018 
l.SO 


1.23 


13,8S3 


2019  I 
2.50  , 


2. 47  3. 45 

14. 03  13.  73 

73.95  I  71.97 

9.55  i  10.85 


1.60 
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BTEAlCnrO  TESTS. 


TeHt  922,  Maryland  No.  1. 

Size  HS  shipped,  run  of  mine.  Size  as  uaed,  over 
1  inch,  5J2  per  cent;  }  inch  to  1  inch,  6.9  per  cent; 
}  inch  to  i  inch,  14.5  per  cent;  under  {  inch  73.4 
per  cent.  Duration  of  test,  10  hours.  Kind  of 
grate,  plain. 

Test  231,  Maryland  No.  1,  waHhed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  17.2  per  cent;  )  inch  to  1  inch,  21.2  per  cent; 


I  inch  to  i  inch,  22.2  per  cent;  under  }  inch,  39.4 
per  cent.  Duration  of  test,  9.95  hours.  Kind  of 
grate,  rocking. 

Tent  232,  Maryland  No.  1,  washed. 

Size  as  shipped,  run  of  mine.  Sixe  as  used,  over 
1  inch,  15.7  per  cent;  i  inch  to  1  inch,  14.7  per  cent ; 
I  inch  to  }  inch,  17.3  per  cent;  under  |  inch,  52.3 
per  cent.  Duration  of  test,  9.97  hours.  Kind  of 
grate,  rocking. 


MISCELLANEOUS  ITEMS. 


Test  222.    Test  231.    Test  232. 

I  I 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  flre do — 

Furnace  temperature **F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds . . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212®  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do — 

Efllciency  of  boiler,  including  grate Ijer  cent. . 

Coal  as  fired : 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


13,680  I      13,946  i 


14.033 


0.49 

0.46 

•    0.41 

.16 

.11 

.12 

2,129 

2,396 

2,350 

15.81 

19.67 

19.42 

2.86 

3.42 

3.32 

80.1 

95.9 

93.2 

7.59 

7.86 

7.75 

8.90 

9.34 

9.22 

9.06 

9.70 

9.55 

10.60 

11.14 

ID.  98 

63.96 

67.17 

65.72 

3.18 

3.03 

3.07 

3.92 

3.74 

3.79 

3.12 

2.91 

2.96 

3.85 

3.60 

3.66 

Proximate. 

Moisture 

Volatile  matter. 
Fixed  carbon . . . 
Ash 


Sulphur. 


1  eSl  '£££. 

lesizji. 
.     3.70 

IPBlMi^. 

1.84 

3.43 

14.03 

13.96 

14.08 

71.61 

71.63 

72.36 

12.52 

10.71 

10.13 

100.00 

100.00 

100.00 

1.52 

1.04 

1.10 

I  Te«t  222.  '  Test  231 . ,  Test  232. 


Ultimate 

Carbon a 

Hydrogen  a.. 

Oxygen  o 

Nitrogen  a... 

Sulphur 

Ash 


o  Figured  from  car  sample. 


77.60 

79.52 

80.02 

3.85 

3.95 

3.97 

2.90 

2.97 

3.01 

1.34 

1.36 

1.38 

L55 

LOS 

L14 

12.76 

11.12 

10.48 

100.00 

100.00 

100.00 
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WABHmO  TEST. 
Test  ISO,  Marylan<l  No.  1. 

Size  aa  shipped,  ran  of  mine.    Size  as  used,  craAied  to  2  inches.    Jig  used,  Stewart  modified. 

Ravcoal pounds..  45,||p 

Washed  coal u do 37, 450 

Refuse do....    8,060 

ANALYSES. 


Test  130. 


Washed 
coal. 


Moisture 

\  olatile  matter 
Fixed  carbon . . 

Vsh 

Sulphur 


3.67 


10.61 
1.09 


GOKDIO  TESTS. 


Test  50,  Maryland  No.  1. 


Sixe  as  shipped,  run  of  mine.    Size  as  used, 
finely  crushed.    Raw.    Duration  of  test ,  36  hours. 
Remark9,—So  coke  produced. 

Test  54,  ntarylaiKl  No.  1,  washed. 

Size  as  shipped,  run  of  mine.    Size  as  used  not 
crushed.    Duration  of  test,  48  hours. 
Remarkt.—l^o  coke  produced. 

Test  58,  Maryland  No.  1,  washed. 

Size  as  shipped,  run  of  mine.    Size  as  used. 


finely  crushed.    lOpercent  pitch  added.    Duration 
of  test.  64  hours. 

Coal  charged pounds. .  8,000 

Coke  produced do 4, 650 

Breeze  produced do 565 

Coke  produced per  cent . .  58. 13 

Breeze  produced do 7. 06 

Total  percentage  yield 65. 19 

Remarii:*.— Dull-gray  color.    Very  poor  coke. 
Soft  and  dense.  Breaks  in  large  and  small  chunks. 


ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon.. 

Ash 

Sulphur 


Test  58. 
Coal.         Coke. 


4.35 
17.81 
68.86 
8.08 
1.09 


87.47 

11.38 

.95 


MASSACnUSE'TFH   NO.    1. 

Peat  briquettes  from  bog  near  Halifax,  Plymouth  County,  Mass.  They  were  furnished 
by  Prof.  C.  L.  Norton,  of  the  Massachusetts  Institute  of  Technology,  Boston,  Mass.,  and 
shipped  under  the  supervision  of  J.  S.  Burrows. 

This  sample  consisted  of  a  small  amount  (less  than  5  tons)  of  peat  which  had  been  macer- 
ated and  pressed  into  bricks  and  then  dried,  and  it  was  impossible  to  run  a  test  of  sufficient 
length  to  eliminate  the  factor  of  uncertainty.  It  was  demonstrated,  however,  that  a  satis- 
factory gas  could  be  obtained,  and  no  trouble  was  experienced  in  manipulating  the  fuel 
bed  or  in  maintaining  the  load,  but  owing  to  the  small  supply  of  peat  it  was  necessary  to 
make  the  foundation  of  the  fuel  l>ed  out  of  another  fuel — Illinois  coal.  Considering  this 
fact  and  that  the  amount  of  peat  furnished  made  it  possible  to  conduct  a  test  of  only 
nine  hours'  duration,  it  is  possible  that  the  results  as  given  below  are  somevfh&t  eitQ\^]^>^. 
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Tlie  figures  are  given,  however,  for  what  they  are  worth,  as  they  furnish  an  approximate 
idea  of  the  possibilities  of  peat  fuel  in  the  gas  producer,  although  they  can  not  Ijc 
regarded  as  official  results.  It  is  impossible  Ao  toll  exactly  what  portion  of  the  gas  was 
d^c  to  the  Illinois  coal  and  what  portion  to  the  peat  alone. 

The  results  of  the  tests  of  the  Massachusetts  peat  were  as  follows: 

PR0DTT0ER-OA8  TEST. 

Tent  97.  MaHHachusetta  No.  1. 

Average  electrical  horsepower 200. 0 

Average  B.  T.  U.  gas,  per  cubic  foot 166. 6 

Total  peat  fired pounds. .  0. 480 

PKAT  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PER  HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes. 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes. 

DoveJoped  at  engine 


Test  97. 


Peat  as 
fired. 


Dry 
peat. 


3.77 
3.60 


3.20  I 
3.06 


1.89 
1.81 


1.61 
1.54 


Combus- 
tible. 


1.44 
1.38 


1.22 
1.17 


ANALYSES. 


Peat. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Oas  by  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) 

Hydrogen  (IIj) 

Methane  (CH4) 

Nitrogen  (Nj) 


Test  97. 


10.5 
22.5 
13.9 
2.1 
51.0 

100.0 


In  connection  with  this  test  of  a  small  quantity  of  Massachusetts  peat  it  is  deemed  advis- 
able to  refer  briefly  to  a  more  elaborate  test  of  peat  bricks  obtained  from  Florida,  the  results 
of  which  test  have  been  obtained  in  time  to  be  mentioned  here,  although  the  test  was  run 
subsequent  to  the  date  covered  by  the  body  of  the  report.  In  the  producer-gas  test  of  the 
Florida  peat  the  producer  was  maintained  in  operation  for  fifty  hours,  and  no  difficulty 
whatever  was  experienced  either  in  maintaining  the  load  or  in  handling  the  fuel  bed.  Tlie 
peat  was  furnished  by  the  Orlando  Water  and  Light  Company  and  was  secured  from  a  l)og 
near  tho  city  of  Orlando,  Orange  County,  Fla. 

In  starting  the  producer  test  the  fuel  bed  was  built  up  entirely  of  the  Florida  peat,  and  the 
usual  preliminary  run  was  conducted  before  the  official  test  began.  Tho  total  amount  of 
peat  consumed  in  the  producer  in  the  fifty-hour  run  was  29,250  pounds,  or  585  pounds  per 
hour.  The  average  calorific  value  of  the  gas  produced  was  175  British  thermal  units  per 
cubic  foot.  During  the  entire  run  the  average  electrical  horsepower  developed  at  the 
switch  board  was  205.  The  amount  of  peat  used  per  electrical  horsepower  per  hour  avail- 
able for  outside  purposes,  including  the  estimated  quantity  required  for  tho  generation 
of  the  steam  used  in  the  operation  of  the  producer,  was  3.16  pounds,  while  2.69  pounds 
were  required  per  brake  horsepower  hour  at  the  gas  engine,  available  for  outside  purposes. 
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It  should  bo  stated  that  the  peat  bricks  had  been  dried  and  that  the  moisture  content 
of  those  used  averaged  21  per  cent.  The  gas  was  particularly  rich  in  hydrogen,  running 
18.5  per  cent,  and  cx)mparatively  low  in  nitrogen  (45.5  per  cent). 

As  there  was  a  small  supply  of  peat  bricks  left  after  the  completion  of  the  gas-producer 
tests,  a  short  run  of  a  little  over  four  hours  was  made  in  the  boilers.  Tliis  was  not  suflB- 
ciently  long  to  make  any  definite  conclusions  possible,  but  the  results  obtained  were  exceed- 
ingly satisfactory  so  far  as  they  went.  No  diflBculty  was  encountered  in  keeping  the  boiler 
up  to  its  rated  capacity,  and,  in  fact,  during  the  four  hours'  run  the  percentage  of  rated 
horsepower  of  the  boiler  developed  was  113.2.  The  amount  of  peat  burned  per  indicated 
horsepower  hour  at  the  steam  engine  was  5.66  pounds,  and  per  electrical  horsepower  hour 
at  the  switch  board  was  6.98  pounds.  The  calorific  value  of  the  peat  as  used  was  10,082 
British  thermal  units  per  pound.  The  principal  difficulty  in  the  utilization  of  peat  under 
boilers  appears  to  bo  the  frequency  with  which  it  is  necessary  to  fire.  On  account  of  the 
lightness  of  the  material  and  also  on  account  of  its  rapid  combustion  the  fireman  wad  kept 
at  work  almost  constantly  during  the  test. 

XORTH  DAKOTA  NO.  1  B. 

Brown  lignite  from  Jjehigh  mine.  Consolidated  Coal  Company,  Lehigh,  Stark  County 
N.  Dak.,  on  the  Northern  Pacific  Railway. 

This  sample  consisted  of  run  of  mine,  and  was  shipped  under  the  supervision  of  M.  R. 
Campbell,  of  the  United  States  Geological  Survey.  Producer-gas  test  No.  08  was  run  on 
this  sample.o 

Two  mine  samples  (Nos.  1971  and  1972)  were  taken  at  widely  separated  points  in  the 
mine  for  chemical  analysis. 

OHSKIGAL  AKALT8E8. 


Laboratory  number. 
Air-drying  loss 


Moisture 

Volatile  matter 

Fixed  carbon 

I  Ash 

ISulphur 

Hydrogen 

Carbon , 

Nitrogen 

Oxygen 

Calorific  valtie  determined: 

Calories 

I'ritish  thermal  units.. 


Mine  samples. 


1971 
35.  CO 

42.0«  j 

24.55  I 

25.73  ' 

7.ft6 

1.13  ; 


3,421 
6,158 


1972  I 
33.90 

42.81 
26.84  I 
23.93  I 
6.42  ! 
.96  ' 


I 


Car 
sample. 

2289 
10.40 

32.64 

29.19 

26.76 

11.42 

3.54 

6.15 

39.53* 

.49 

3a  87 

3,872 
6,970 


a  For  tests  of  sample  furnished  in  1904,  see  Bull.  U.  8.  Oeol.  Survey  No.  261,  1905,  pp.  82,  162. 
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FBODUOSE-OAB  TEST. 
Test  68,  North  Dakota  No.  1  B. 

Sizo  as  shipped,  run  of  mine.    Size  as  used,  over  1  inch,  79  per  cent;  i  inch  to  1  inch,  9  percent;  i  inch 
to  i  inch,  5  per  cent;  under  \  inch,  7  per  cent.    Duration  of  test,  49  hours. 

Average  electrical  horsepower 198. 4 

Average  B.  T.  U.  gas,  per  cubic  foot 160. 6 

Total  coal  fired pounds. .  26,000 

COAL  CONSUMED   IN   PRODUCER  (POUNDS  PER  UORSEPOWER  PER  HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

EquivalefU  used  by  producer  platU. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Testes. 


Coal  as 
fired. 

Dry  coal. 

Com- 
bustible. 

2.88 

1.94 

1.61 

2.87 

1.80 

1.50 

2.45 

1.65 

1.37 

2.27 

1.53 

1.27 

3.04 

2.05 

1.70 

2.82 

1.90 

1.58 

2.58 

1.74 

1.45 

2.40 

1.61 

1.34 

ANALYSES. 


Test  <18. 

Moisture 

Coal. 

32.64 
29.19 
26.75 
11.42 

Volatile  matter 

Fixed  carbon . . . 

Ash 

Sulphur. 


100.00 
3.54 


Oa*  6j/  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) 

Hydrogen  (Hj) 

Methane  (CHO 

Nitrogen  (N|) 


Test  68. 


8.2 
25.2 
15.3 

2.6 
48.7 


100.0 


NORTH  DAKOTA  NO.  2  B. 

Brown  lignite  from  mouth  of  Cedar  Coulee,  4  miles  southeast  of  Williston,  Williams 
County,  N.  Dak.,  furnished  by  the  engineers  of  the  United  States  Reclamation  Service. 

This  sample  consisted  of  run-of-mine  coal,  and  was  used  in  making  producer-gaa  test 
No.  72.a 

Mine  sample  No.  1730  was  taken  in  this  mine  for  chemical  analysis. 

a  For  tests  of  sample  shipped  during  1904,  see  Bull.  U.  S.  Geol.  Survey  No.  261, 1905,  p.  104. 
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OHEKIOAL  AKALT8E8. 


Mine 
sample. 


Car 

sarnple. 


Laboratory  number. 
Air-drying  loss 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 


Sulphur. . 
Hydrogen. 

Carbon 

Nitrogen.. 
Oxygen . . . 


1730 
33.10 

41.13 
27.17 
26.34 
5.36 
.72 


Calorific  value  determined: 

Calories 

British  thermal  units. . . 


3,603 
6,485 


2365 
17.30 

36.13 
29.28 
29.55 
5.04 
.59 
6.60 
42.00 
.73 
45.04 

4,070 
7,326 


PRODUOSE-OAB  TEST. 
Test  72.  North  Dakota  No.  2  B. 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  1  inch,  82  per  cent;  }  inch  to  1  inch,  7  per  cent;  i  inch 
to  \  inch,  5  per  cent;  under  i  inch.  6  per  cent.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 195. 6 

Average  B.  T.  U.  gas.  p*r  cubic  foot ♦. 164. 1 

Total  coal  fired,  pounds 26, 000 

CX)AL  CONSUMED   IN    PRODUCER  (POUNDS   PER   HORSEPOWER   PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purpoai^s 

Developed  at  switch  board 

Per  brake  horsepower: 

A^ifailable  for  outside  putposes 

Developed  at  engine 

Equivalent  used  by  prodtwfr  ptarU. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  72. 

Coal  as    n,^„„„i      Com- 
fired.      »nrcoal.  bustlble. 


2.80 
2.66 


2.38 
2.26 


2.97 
2.83 


2.53 
2.40 


1.79 
1.70 


1.52 
1.44 


1.90 
1.80 


1.61 
1.53 


1.65 
1.57 


1.40 
1.33 


1.75 
1.66 


1.49 
1.41 


ANALYSES. 


Coal. 


Moisture 

Volatile  matter. 
Fixed  carlK)n... 
Ash 


Sulphur . 


Oai  by  volume. 

Carbon  dioxide  (COf) 

Carbon  monoxide  (CO ) 

Hydrogen  (Hi) 

Methane  (i'hh) 

Nitrogen  (Nt) 


Test  72. 


9.3 
22.9 
15.6 

2.7 
49.5 
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NORTH  DAKOTA  NO.  3. 

Brown  lignite  from  Wilton  mine,  Washburn  Lignite  Coal  Company,  1  mile  east  of  Wilton, 
McLean  County,  N.  Dak.,  on  the  Minneapolis,  St.  Paul  and  Sault  Ste.  Marie  Railway. 

This  sample  was  made  up  of  lump  lignite  and  was  shipped  under  the  supervision  of  M.  R. 
Campbell,  of  the  United  States  Geological  Survey.  It  was  used  in  making  steaming  test 
No.  206  and  producer-gas  test  No.  67. 

Mine  samples  Nus.  1935  and  1938  were  taken  at  widely  separated  points  in  the  mine  for 

chemical  analysis. 

OHSKIOAL  ANALYSIS. 


Laboratory  number. 
Air-drying  low 


Moisture 

Volatile  matter. 

Fixed  carbon 

jAsh 

[Sulphur 


Cat 
Mlnr  samples.       ^^^p,^ 


1935 
32.30 

40.53 
27.05 
27.37 
5.05 
.70 


Hydrogen . 
Carbon 


1938 
33.50 

41.88 
26.11 
26.73 
5.28 
.96 


a  Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


3,601 
6,644 


2243 
12.70 

35.96 
31.92 
24.37 
7.75 
1.15 
6.54 
41.43 
1.21 
41.92 

3.927 
7.069 


8TEAHIN0  TEST. 
Test  206,  North  Dakota  No.  3. 

Size  as  shipped,  lump.  Size  as  used,  average  diameter,  three  inches.  76.5  percent:  |  inch  to  1  inch, 
10.6  per  cent;  J  inch  to  ^  inch.  4.9  per  cent;  under  J  inch,  8  percent.  Duration  of  test,  5.72  hours. 
Kind  of  gate,  rocking. 

iklSCELLANEOUS    ITEMS. 


Test  'J06. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature *F . . 

Dry  coal  used  per  square  foot  of  grate  surlace  per  hour pounds. . 

Equivalent  water  evaporated  per  square  loot  of  walcr-hcating  surface  per  hour do 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds,  .j 

Water  evaporated  from  and  at  212°  F.:  | 

Per  pound  of  coal  as  fired do i 

Per  pound  of  dry  coal do I 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


11.036 

0.65 
a.  10 
2,093 
27.99 
3.24 
90.7 
3.52 

4.13 

6.45 

7.47 

56.44 

6.85 
8.46 

4.38 
5.41 


a  Forced  dtalt. 
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Proximate. 

Moisturo , 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  206. 


35.96 

31.92 

24.37 

7.75 


100.00 
1.15 


UlHmaie. 

CarboDd 

Hydrogen  *» 

Oxygen  a 

Nitr(^ena 

Sulphur 

Ash.... 


Test  206. 


64.69 
3.97 

15.55 
1.89 
1.80 

12.10 


100.00 


o  Figured  from  car  sample. 

PBODUOER-OAB  TEST. 

Teat  67.  North  Dakota  No.  3. 

Size  as  shipped,  lump.    Size  as  used,  over  1  inch,  85  per  cent;  \  inch  to  1  inch,  6  per  cent;  \  inch  to 
§  inch,  3  per  cent;  under  \  inch,  6  percent.    Duration  of  test  50  hours. 

Average  electrical  horsepower 195i  5 

Average  B.  T.  U.  gas,  per  cubic  foot 158. 9 

Total  coal  fired, pounds 30, 250 

COAL  CX)N8UMED   IN   PRODUCER    (POUNDS   PER   HORSEPOWER   PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes , 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes , 

Developed  at  engine , 

EquivaUnt  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes , 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  67. 


Coal  as 
fired. 


3.27 
3.10 


2.78 
2.63 


3.42 
3.24 


2.92 
2.75 


Dry  coal. 


1.78 
1.09 


2.20 
2.08 


1.87 
1.77 


Combus- 
tible. 


1.89 
1.79 


1.61 
1.52 


1.98 
1.87 


1.68 
1.59 


Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

A.sh 

diilphur 


35.78 
28.76 
29.01 
6.45 

100.00 
.90 


Oas  by  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (llj) 

Methane  (CH*) 

Nitrogen  (Ni) 


Test  67. 


9.0 
23.2 
15.5 

2.7 
49.6 

100.0 
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OPERATIONS    OF    FUEL-TESTING    PLANT   IN   1906. 


OHIO  J^O.  1. 

Bituminous  coal  from  mine  No.  10,  Superior  Coal  Company,  9  miles  southeast  of  Wellston, 
Jackson  County,  Ohio,  on  the  Baltimore  and  Ohio  Railroad. 

This  sample  consisted  of  run-of-mine  coal  from  No.  4  bed  and  was  loaded  under  the  super- 
vision of  Inspector  J.  W.  Groves.     Both  No.  4  and  No.  5  seams  are  worked  in  this  mine.a 

The  following  tests  were  made  on  this  coal:  Washing  test  No.  119,  coking  test  No.  24, 
steaming  test  No.  191,  and  steaming  test  on  washed  coal  No.  192. 

Two  mine  samples  were  taken  in  this  mine  for  chemical  analysis.  No.  1896  was  cut  from 
a  point  1 ,400  feet  southwest  of  the  entrance  to  the  mine,  in  room  16,  off  the  fourth  right  entry. 
No.  1897  was  taken  at  a  point  1,400  feet  northeast  of  the  entrance  to  the  mine,  at  the  face  of 
room  17,  off  the  fourth  right  entry. 

OHEXIOAL  AHALT818. 


Laboratory  number. 
Air-drying  loss 


S 


Moisture 

Volatile  matter. 

Fixed  carbon 

[Ash 


[Sulpliur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . . 


Mine  samples. 


1896 
4.90 

8.45 
41.27 
43.55 
6.73 
3.10 


6,805 
12,249 


1897 
3.70 

7.50 
30.25 
42.74 
10.51 

5.44 


Car 

sample. 


2071 
4.90 

7.71 
38.32 
42.02 
11.95 

4.61 

5.41 
62.49 

1.11 
14.43 

6,397 
11,515 


8TEAMIN0  TESTS. 


Test  191.  Ohio  No.  1. 

Size  as  shipped,  run  of  mine.  Size  as  u«od,  over 
1  inch,  19.3  per  cent;  J  Inch  to  1  inch,  22.4  percent; 
i  inch  to  i  inch,  19.4  percent;  under  J  inch,  38.9  per 
cent.  Duration  of  test,  9J)2  hours.  Kind  of  grate, 
nx'lcing. 


Test  192,  Ohio  No.  1,  washecl. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  37.9  per  cent;  )  inch  to  1  inch,  27 it  per  cent: 
\  inch  to  I  inch,  18.1  percent;  under  |  inch,  16.2  per 
cent.  Duration  of  test,  10i)7  hours.  Kind  of 
grate,  roclcing. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U.  ijer  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Furnace  temperature ® F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pou  nds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

o  For  tests  of  No.  5  coal  see  Ohio  No.  2  (p.  142). 


Test  191. 


Test  192. 


11,704 

13,041 

0.52 

0.53 

.15 

.18 

2,194 

2,384 

20.66 

21.57 

2.96 

3.21 

83.6 

90.1 

6.36 

6.49 

TE8T8 OHIO. 
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Test  192. 


Water  evaporated  from  and  at  212^  F. : 

Per  pound  of  coal  as  fired do. 

Pe r  pound  of  d  ry  coal do . . . 

Per  pound  of  combustible do. . . 

EfDdency  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do. . . 


7.58 
8.31 
9.42 
61.54 

3.73 
4.61 

3.40 
4.20 


ANALYSES. 


ProrimaU. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  191. 


7.50 
35.43 
40.64 
16.34 


100.00 
5.16 


Test  192. 


:  Teat  191. 


8.80 
40.26 
42.12 

8.82 


100.00 
3.82 


Ultimate. 

Carbono 

Hydrogeno 

Oxygcno 

Nitrogena 

Sulphur 

Ash 


63.31 
4.6L 
7.70 
1.12 
5.58 

17.68 


100.00 


Test  192. 


71.08 
5.17 
8.63 
1.26 
4.19 
9.67 


100.00 


1  Figured  from  car  sample. 
WABEUrO  TEST. 
Test  119,  Ohio  No.  1. 
Size  as  shipped,  run  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds . .  26, 900 

Washed  coal do....  23,750 

Refuse do ... .    3,  IfiO 

ANALYSES. 


Test  119. 


Moisture 

Volatile  matter 
Fixed  carbon... 

Ash 

Sulphur 
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COKIITO  TEST. 
TeHt  24,  Ohio  No.  1,  waNhe<l. 

Size  as  shipped,  run  of  mine.    Size  as  used,  finely  crushed.    Duration  of  test,  48  hours. 

Coal  charged pounds. .  10,000 

Coke  produced do 5, 708 

Breeze  produced do 5. 89 

Coke  produced per  cent. .     57. 08 

Breeze  produced do 5.89 

Total  percentage  yield 62. 97 

/i^tfmaritjr.— Light  gray  and  silvery.    Fingered  coke.    High  ash  and  sulphur. 

ANALYSES. 


Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


Test  24. 

Coal,     j     Coke. 

8.67  I            1.30 

38.81 

1.95 

44.02 

82.98 

8.50 

13.77 

3.70 

3.30 

OHIO  NO.  2. 

Bituminous  coal  from  mine  No.  10,  Superior  Coal  Company,  9  miles  southeast  of  Wellston, 
Jackson  County,  Ohio,  on  the  Baltimore  and  Ohio  Railroad. 

This  sample  consisted  of  run-of-mine  coal  from  bed  No.  5,  both  No.  4  and  No.  5  scams 
being  worked  in  this  mine.a  The  sample  was  shipped  under  the  supervision  of  In.spector 
W.  J.  Von  Borries,  and  was  used  in  making  washing  test  No.  121,  coking  test  No.  27,  steam- 
ing te^t  No.  193,  and  steaming  test  on  washed  coal  No.  197. 

Two  mine  samples  were  taken  in  this  mine  for  chemical  analysis.  No.  1898  was  cut 
from  room  5,  off  the  second  right  entn^  on  the  south  side  of  the  mine,  800  feet  southwest  of  the 
opening  on  No.  5  seam.  No.  1899  was  taken  in  room  7,  off  the  fourth  right  entry  on  the  north 
side  of  the  mine,  800  feet  northeast  of  the  opening  on  seam  No.  5. 

CHSXICAL  ANALT8E8. 


Laboratory  nunil)er. 
Air-drying  loss 


Moisture 

Volatile  matter. 

Fixed  carbon 

lAsh 


(Sulphur.. 

S  Hydrogen 

J ^Carbon 

^   Nitrogen 

[Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


i      Mine  samples. 


1898 
5.60 

9.38 
36.74 
46  26 
7.62 
4.08 


6,610 


5.30  I 

8.95  ' 
37.82  ' 
43.89  j 
9.34 
4.41  , 


Car 
sample. 

2109 
3.60 


9.01 
35.85 
43.80 
11.34 

4.02 

5.38 
62.79 

1.20 
1.5.27 

6,386 


a  For  tests  of  No.  4  coal,  see  Ohio  No.  1  (p.  140). 
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8TEAKINO  TESTS. 
Test  193,  Ohio  No.  2.  i  Tent  197,  Ohio  No.  2,  waiihed. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  30.2  per  cent:  )  inch  to  1  inch,  25  per  cent; 
\  Inch  to  )  inch,  16.6  per  cent;  under  J  inch,  28.2 
per  cent.  Duration  of  test,  9.95  hours.  Kind  of 
grate,  rocking. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  Inch,  34  per  cent;  \  inch  to  1  inch,  23.3  per  cent; 
i  inch  to  )  inch,  17.4  per  cent;  under  \  inch,  25.3 
percent.  Duration  of  test, 9.87  hours.  Kind  of 
grate,  plain. 


MISCELLANEOUS    ITEMS. 


Ileating  value  of  coal B.  T.  U.  per  pound  dry  coal.. 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature "F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F: 

Per  pound  of  coal  as  r.rcd do — 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do — 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


Test  193.    Test  197, 


12,190 


13,113 


0.51 

0.4'> 

.18 

.20 

2,293 

2,294 

20.60 

18.47 

2.86 

3.01 

80.3 

84.4 

6.03 

6.32 

7.06 

7.43 

7.75 

8.16 

9.57 

9.28 

61.40 

60.00 

4.01 

3.81 

4.95 

4.70 

3.65 

3.47 

4.51 

4.28 

ANALYSES. 


ProxinuUe. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  193. 

Test  197. 

8.86 

8.99 

35.01 

37.71 

42.32 

45.56 

13.81 

7.74 

100.00 
4.37 


Ultimate. 

Carbono 

Hydrogen  o 

Oxygen* 

Nitrogen  a 

Sulphur 

Ash 


Test  193. 


66.46 
4.64 
7.69 
1.27 
4.79 

15.15 

100.00 


Test  19/. 


73.09 
5.11 
8.43 
1.41 
3.46 
8.50 

100.00 


o  Figured  from  car  sample. 
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WASEUrO  TEST. 
Tent   121.  Ohio   No.  8. 

Size  as  shipped,  run  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  32, 420 

Washed  coal * do —  25, 625 

Refuse do....    6,795 

ANALYSES. 


Test  121. 

Raw  coal. 

Washed 
coal. 

Moisture. . , 

9.01 
35.85 
43.80 
11.34 

4.02 

10.77 

Volatile  matter '. 

Fixed  carbon                   ...           .      .            

Ash 

7.42 

Sulphur 

2.95 

COKIITO  TEST. 
Test  27,  Ohio  No.  2.  washed. 

Size  as  shipped,  run  of  mine.    Size  as  used,  finely  crushed.    Duration  of  test,  59  hours. 

Coal  charged .* pounds. .  10,000 

Coke  produced .do 4, 960 

Breeze  produced do 690 

Coke  produced per  cent. .    49. 80 

Breeze  produced do 6. 90 

Total  percentage  yield 56. 70 

/2cm/irJt«.— Dull-gray  color.    Soft  coke.    High  sulphur. 

ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon.., 

Ash 

Sulphur 


Test  27. 


Coal. 

Coke 

10.38 

3.55 

37.30 

2.27 

45.04 

82.52 

7.28 

11.66 

3.07 

2.81 

OHIO  NO.  3. 

Bituminous  coal  from  Gosline  &  Barbour  mine,  Ohio  Mining  and  Manufacturing  Com- 
pany, Shawnee.  Perry  County,  Ohio,  on  the  Zanesville  and  Western  Railway. 

This  sample  was  shipped  under  the  supervision  of  Inspector  J.  W.  Groves  and  consisted 
of  run-of-mine  coal.  The  following  tests  were  made:  Washing  test  No.  122,  coking  test 
No.  31,  steaming  test  No.  203,  and  producer-gas  test  No.  64. 

Two  mine  samples  were  taken  for  chemical  analysis.  No.  1900  was  taken  in  the  main 
entry,  500  feet  northeast  of  the  drift  mouth,  and  No.  1901  was  cut  in  the  face  of  entry  No. 
7,  300  feet  northeast  of  the  drift  mouth. 


TESTS OHIO. 

OESXIOAL  AHALT8B8. 
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Laboratory  number. 
Air-drying  lo«s 


Mine  samples. 


Moisture 

Volatile  matter. 
Fixed  carbon... 
(Ash 


[Sulphur.. 
Hydrogen. 


1900 
6.60 

10-78 

34.86 

48.23 

6.13 


1901 
5.20 

9.79 

35.74 

48.46 

6.01 

1.43 


Carbon. 


Nitrogen 

Oxygen 

Calorific  value  determined: 

Calorics 

British  thermal  units.. 


6,663 
11,993 


Car 
sample. 


2144 
3.90 

9.90 
33.66 
44.86 
11.58 

1.81 

5.28 
63.06 

1.23 
17.04 

6,265 
11,  77 


8TBAMIH0  TEST. 
Test  W»3,  Ohio   No.  3,  waithed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over  1  inch,  36.2  per  cent;  i  inch  to  1  inch,  23.8  per  cent;  \ 
inch  to  i  inch,  17.5  per  cent;  under  J  inch,  22.5  per  cent.  Duration  of  test,  9.78  hours.  Kind  of  grate, 
rocking. 

MISCELLANEOUS  ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stacic  damper .• inch  water. 

Above  fire do. . . 

Furnace  temperature °F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212<»  F: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  df  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efl3ciency  of  boiler,  including  grate per  cent, 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do: . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . , 

Per  electrical  horsepower  hour do. . . 


Test  203. 


0.47 

.12 

2,434 

23.30 

3.75 
105.0 

6.95 

8.17 
8.97 
10.01 
65.44 

3.46 
4.27 

3.15 
3.89 


Bull.  290—06 10 
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OPERATIONS    OF    FUEL-TESTING    PLANT    IN    1905. 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 


Sulphur. 


Test  2W. 


UUimate. 


Carbon  a... 
Hydrogen  « 
Oxygen  «. . . 
Nitrogen  a.. 

Sulphur 

Ash 


73.77 
4.89 
9.65 
1.44 
1.58 
8.67 


a  Figured  from  car  sample. 
PBODT70ER-OA8  TEST. 
Test  64.  Ohio  No.  3. 

Sixe  as  shipped,  run  of  mine.    Size  as  used,  over  1  inch,  47  per  cent;  )  inch  to  1  inch,  38  per  cent;  { 
inch  to  \  inch,  9  per  cent:  under  J  inch,  6  per  cent.    Duration  of  test,  50  hours. 

Average  electrical  horsepower ; 200. 8 

Average  B.  T.  U.  gas,  per  cubic  foot 156. 1 

Total  coal  fired pounds. .  14,250 

COAL  CONSUMED   IN    PRODUCER    (POUNDS   PER    HORSEPOWER   PER   HOUrV 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Devoloped  at  switch  board 

Per  brake  horsepower: 

Available  for  ousllde  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  64. 


Coal  as 
fired. 


1.29 
1.21 


1.62 
1.51 


1.37 
1.28 


Dry  coal 


Com- 
bustible. 


1.39 
1.30 


1.18 
1.11 


1.48 
1.39 


1.26 
1.18 


1.28 
1.19 


1.08 
1.01 


1.36 
1.27 


1.16 
1.08 


i 

1 

Moisture 

Coal. 

1 
1 

Volatile  matter 

Fixed  carbon 

Ash 

1 

1 

Sulphur 1 

i  Test  64. 


' '                        Qas  by  volume. 
\\ 
8. 13  h  Carbon  dioxide  (CO,) 

34. 04  1 1  Carbon  monoxide  (CO) 

49.45  ll  Hydrogen  (II,) 

7.78   I  Methane  (CIL) 

Nitrogen  (N,) 


100.00 
1.40 


Test  64. 


8.^2 
22.7 
15.1 

2.5 
51.5 


100.0 


TESTS OHIO. 
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WAsnnro  test. 

Te8t  122.  Ohio  No.  3. 

8izp  as  shippod,  run^of  mine.    Sizo  as  UHcd,  crushed  to  2  inches.    Jig  used,  St(>wurt  modified. 

Raw  coal pounds. .  47, 125 

Washed  coal do 34,800 

Refuse do. ...  12, 325 

ANALYSES. 


Tost  122. 
Raw  coal 


Washed 
coal. 


Moisture 

Volatile  matter. 

Fixed  carlmn 

.\sh 

Sulphur 


9.90 

9.96 

33.06    ... 

44.86  ' 

11.58  ' 

7.74 

1.81  , 

1.36 

COKnrO  TEST. 
Tent  31,  Ohio  No.  3,  washed. 

Si/e  as  shipped,  run  of  mine.    SIxe  as  used,  finely  crushed.    Duration  of  test,  W  hours. 
Remarks.  -No  coke  produced. 

OHIO  NO.  4. 

Bituminous  coal  from  Crow  Hollow  niine,  United  State's  Coal  Company,  Bradley,  Jeffer- 
son County,  Ohio,  on  the  Baltimore  and  Ohio  Railroad. 

This  sample  consisted  of  '' three-fourths  inch  coal,"  having  been  passed  over  a  three- 
fourths  inch  bar  screen,  and  was  .shipped  under  the  supervision  of  Inspector  J.  W.  Groves. 
The  following  tests  were  made  on  it:  Washing  test  No.  12.5,  coking  test  No.  28,  steaming 
tests  Nos.  188,  201,  and  202,  steaming  testes  on  washed  coal  Nos.  219,  220,  and  221,  and 
producer-gas  test  No.  60. 

Two  mine  samples  were  taken  for  chemical  analysis,  as  follows:  No.  1910  from  room  9 
off  the  fourth  left  entry  in  di.strict  No.  9,  3,000  feet  northwest  of  the  tipple;  No.  1911  from 
room  17  off  main  entry  No.  2  in  district  No.  2. 


CbEXICAL  AHALT8E8. 


Laboratory  numl>er 

Air-drying  lo.ss .-. . 


Mine  (uimples 


Car 
;  samples. 


Moisture 

Volatile  matter 

Fixed  carbon 

I  Ash 

[Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


1910  ! 
1.70 

4.06 
38.49 
49.70 
7.75 
3.67 


1911 
2.00 

4.20 
37.16 
51.13 
7.51 
3.22 


7,304 
13,147  i 


2083 
1.40 

3.53 

37.45 

49.90 

9.12 

3.47 

5. 15 

71.66 

1.31 

9.29 

7,262 
13,072 
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OPERATIONS    OF   FUEL-TESTING    PLANT   IN    1905, 


BTEAKmO  TESTS. 


TeHt  188»  Ohio  No.  4. 


Size  as  shipped,  over  }  inch.  Size  as  used,  over 
1  inch,  33.3  per  cent;  i  inch  to  1  inch,  23.5  per  cent; 
i  inch  to  \  inch,  14.4  per  cent;  under  |  inch,  28i$  per 
cent.  Duration  of  test,  10.13  hours.  Kind  of 
grate,  plain. 

TeHt  201,  Ohio  No.  4. 

Size  as  shipped^  over  }  inch.  Size  as  used,  over 
1  inch,  38.5  per  cent;  ^  inch  to  1  inch,  20.9  per  cent; 
\  inch  to  i  inch,  13.8  per  cent;  under  I  inch,  26.8  per 
cent.  Duration  of  test,  9.98  hours.  Kind  of 
grate,  rocking. 

Teitt  202,  Ohio  No.  4. 

Size  as  shipped,  over  }  inch.  Size  as  used,  over 
1  inch,  48.2  per  cent;  ^  inch  to  1  inch,  20JJ  per  cent; 
J  inch  to  i  Inch,  12.2  per  cent;  under  i  inch,  18.8  per 
cent.  Duration  of  test,  9.38  hours.  Kind  of 
grate,  rocking. 


Test  219,  Ohio  No.  4,  washed. 

Size  as  shipped,  over  i  inch.  Size  as  used,  over 
1  inch,  30.6  per  cent;  \  inch  to  1  inch,  23.6  per  cent; 
J  inch  to  i  inch,  17.8  per  cent;  under  J  inch,  28  per 
cent.  Duration  of  test,  9.92  hours.  Kind  of 
grate,  plain. 

Test  220,  Ohio  No.  4,  wawhed. 

Size  as  shipped,  over  }  inch.  Size  as  used,  over 
1  inch,  34.4  per  cent;  |  inch  to  1  inch,  22.9  per  cent; 
i  inch  to  i  inch,  15.2  per  cent;  under  J  inch,  27.5  per 
cent.  Duration  of  test,  10  hours.  Kind  of 
grate,  plain. 

Test  221,  Ohio  No.  4,  iiraiihe<l. 

Size  as  shipped,  over  ]  inch.  Size  as  used,  not 
determined.  Duration  of  test.  6.30  hours.  Kind 
of  grate,  plain. 


MISCELLANEOUS   ITEMS. 


'Test  188.    Test 201 


Heating  value  of  coal,  B.  T.  U.  per  pound  I 
dry  coal i      13,370 

Force  of  draft:  | 

Under  stack  damper inch  water.  .1  0.  47 

Above  Are do I  .14 

Furnace  temperature "F..I  2,420 

Dry  coal  used  per  square  foot  of  grate  I 
surface  per  hour pounds. . 


Equivalent  water  evaporated  per  square 
foot  of  water-heating  surface  per  hour, 
pounds 


Percentage  of  rated  horsepower  of  boiler 
developed 


Water  apparently  evaporated  per  pound 
of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212  "P.: 

Per  pound  of  coal  as  fl  red . .  pounds . . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Elflciency  of  boiler,  including  grate,  per 
cent 


horsepower 
horsepower 


Coal  as  fired: 

Per    indicated 
pounds 

Per    electrical 
pounds 

Dry  coal: 

Per    indicated 
pounds 

Per    electrical     horsepower 
pounds 


hour. 


hour. 


horsepower    hour, 
hour, 


19.70  1 


7.08  I 

I 
8.31  I 

8.62 

9.89 

62.26 


13,545 

0.47 

.18 

2,196 

20.60 

3.32 
93. 2 
7.37 

8.66 
9.00 
10  32 

64.17 

3.27 
4.03 

3.14 
3.88 


Test  202. 

Test  219. 

Test  220. 

Test  221. 

13,374 

13,889 

13,986 

13,986 

0.55 

0.42 

0.43 

a42 

.21 

.17 

.09 

.08 

2,289 

2,525 

2,350 

2,312 

21.76 

17.56 

18.60 

18. :» 

3.55 

3.21 

3.32 

3.29 

99.5 

89.90 

93.20 

92.1 

7.46 

7.44 

7.26 

7.32 

8.78 

8.77 

9.10 

9.14 

10.48 

10.17 

65.71 

63.55 

a22 

3.22 

3.98 

3.98 

3.11 

3.09 

a  84 

3.82 

8.56 
8.95  I 


8.61 
9.00 


9.84 

61.80 

62.14 

3.30 

3.28 

4.06 

4.06 

3.16 

XU 

3.90 

3.88 

TESTS OHIO. 
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Proximate. 


Moisture 

Volatile  matter. 
Fixed  carbon . . . 
Ash 


Sulphur. 


VUimate. 


Carbon*  ... 
Uydrogen«  . 

Oxygen* 

Nitrogen*  .. 

Sulphur 

Ash 


Test  188. 


3.61 
37.00 
49.31 
10.08 


100.00 
3.66 


73.26 
4.85 
6.30 
1.34 
3.80 

10.45 


100.00 


Test  201. 


3.73 
30.73 
49.81 

9.73 


100.00 
2.65 


74.44 
4.03 
6.41 
1.36 
2.75 

10.11 


100.00 


Test  202. 


3.60 
35.85 
50.54 
10.01 


100.00 
3.71 


Test  219. 


4.04 
38.40 
50.15 

7.41 


100.00 
3.04 


Test  220. 


4.30 
38.86 
50.15 

6.69 


100.00 
2.97 


73.27 
4.87 
6.29 
1.34 
3.85 

10.38 


76.13 
5.05 
6.53 
1.40 
3.17 
7.72 


76.80 
5.10 
6.61 
1.40 
3.10 
6.99 


100.00 


100.00  ,       100.00 


Test  221. 


4.30 
38.86 
50.15 

6.69 


100.00 
2.97 


76.80 
5.10 
6.61 
1.40 
3.10 
6.99 


100.00 


a  Figun»d  from  car  sample. 
PR0DT7CER-OAB  TEST. 
Test  00.  Ohio  No.  4. 

Size  as  shipped,  over  \  Inch.    SIkp  as  used,  not  dotennlned.    Duration  of  test,  25  hours. 

Average  electrical  horsepower 202. 4 

Average  B.  T.  U.  gas  per  cubic  foot 148, 8 

Total  coal  fired pounds. .  6,300 

C50AL  CONSUMED   IN    PRODUCER    (POUNDS    PER   HORSEPOWER   PER   HOUR). 


Per  electrlcftl  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  «K). 


Coal  as 
fired. 

Dry 
.conl. 

Combus- 
tible. 

1.31 

1.24 

1.14 

1.25 

1.18 

1.09 

l.ll 

1.06 

.97 

1.06 

1.01 

.92 

1.41 

1.33 

1.23 

1.34 

1.27 

1.17 

1.20 

1.13 

1.04 

1.14 

i.ns 

.99 

■ 

lf)0 


OPERATIONS    OK    FUEL-TESTING    PLANT    IN   19»)5. 


ANALYSES. 


Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  60. 


5.03 
96.68 
50.70 

7.59 


100.00 
2.77 


0<u  by  volume. 

Carbon  dioxide  (COt) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (Hi) 

Methane  (CH«) 

Nitrogen  (Ni) 


Te«t  60. 


9.6 
20.0 
13.0 

2.7 
54.7 


100.0 


WA8HIK0  TSiBT. 
Test  125,  Ohio  No.-4. 

Size  as  shipped,  over  }  inch.    Size  as  used,  cnished  to  2  inches.    Jig  Used,  Stewart  modified. 

Raw  coal pounds. .  29, 120 

Washed  coal do 26,000 

Refuse , do. . . .    3, 120 

ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon . . 

Ash 

Sulphur 


Test  125. 


Raw  coal. 


3.53 
37.45 
49.90 
9.12 
3.47 


Washed 
coal. 


7.48 
3.27 


COKINO  TEST. 
Test  28,  Oliio  No.  4. 

Size  as  shipped,  over  }  inch.    8lw«  a.s  used,  finely  crushed.     Raw.    Duration  of  test,  45  hours. 

Coal  chargiui pounds. .  10,000 

Coke  produced do 6, 770 

Breeze  produced do 332 

Coke  produced per  cent. .    67. 70 

Bn'«»ze  produced do 3. 32 

Total  p<?rcc»nt4ige  yield 71. 02 

jfJrmarA:*.— Light-gray  and  silvery  color.    Good,  he^ivy  coke.    High  yield  due  to  deposited  e«irbon. 
High  ash  and  sulphur. 

ANALYSES. 


Moi.stuH'* 

Voiatih*.  mattj^r 
Fix«'d  carbon. . 

Ash 

Sulphur 


Test  28. 

Coal. 

Coke. 

3.86 

5.33 

37.09 

L28 

49.38 

79.79 

9.67 

13.ri0 

3.60 

2.87 

TESTS — OHIO. 
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OHIO  NO.  5. 

Bituminous  coal  from  Rush  Run  No.  1  mine,  Glens  Run  Coal  Comi>any,  Rush  Run, 
Jefferson  County,  Ohio,  on  the  Pennsylvffnia  Railroad. 

This  sample  consisted  of  "three-fourths  inch  coal"  which  had  been  passed  over  a  three- 
fourths  inch  bar  screen.  It  was  shipped  under  the  supervision  of  Inspector  J.  W.  Groves, 
and  was  used  in  making  coking  test  No.  22,  steaming  tests  Nos.  186,  187,  189,  and  190, 
and  producer-gas  test  No.  58. 

Two  mine  samples  were  taken  for  chemical  analysis.  No.  1944  was  cut  from  a  point 
off  the  first  left  entry,  2,400  feet  southeast  of  the  drift  mouth;  No.  1945  was  cut  from  the 
face  of  room  17  off  the  third  entry,  2,600  feet  south  of  the  drift  mouth. 

CEEXIOAL  AHALT8E8. 


Mine  samples. 

Car  sam- 
ple. 

La 
M 

boratory  number 

1944           1945 
2.40  ;         2.20 

2062 

r-drying  loss 

2.40 

S 

[Moisture 

4.60 

35.57 

53.  J3 

6.01 

1.54 

4.99 
35.33 
53.98 

5.70 
.95 

4.34 

Volatile  matter 

35.53 

B 

Fixed  Carbon. .     .     .                                                                 

52.83 

s 

jAsh  

7.30 

c^ 

Sulphur 

1.72 

5^ 

Hvdroeen        .                       % 

1 

5.21 

5 

Carbon ' ! 

72.65 

Nitrogen 

1.43 

U» 

Oxygen .                .      ...          . '  -  -  - 

11.70 

Ca 

Joriflc  value  determined: 
Calories , 

7,403 
13,325 

7,321 

British  thermal  units 

13,178 

STSAKmO  TESTS. 


Test  186,  Ohio  No.  5. 


Size  as  shipped,  over  }  inch.  Size  as  used,  over 
1  inch.  49.2  percent;  i  inch  to  1  inch,  23.6  percent; 
I  inch  to  )  inch,  11.8  per  cent;  under  i  inch,  15.4 
per  cent.  Duration  of  test,  10  hours.  Kind  of 
grate,  plain. 

Test  187»  Ohio  No.  5. 

Size  as  shipped,  over  }  Inch.  Size  as  used,  over 
1  inch,  44  percent;  \  inch  to  1  inch,  20.2  per  cent; 
I  inch  to  \  inch,  12  percent;  under  \  inch,  23.8  per 
cent.  Duration  of  t«st,  10  hours.  Kind  of  grate, 
plain. 


Test  189,  Ohio  No.  5. 


Size  as  shipped,  over  )  inch.  Size  as  used,  over 
1  inch,  28.3  percent;  }  inch  to  1  inch,  19.7  percent; 
i  inch  to  I  inch,  15.0  per  cent;  under  J  inch,  36.4 
per  cent.  Duration  of  test.  10.05  hours.  Kind  ol 
grate,  plain. 

Test  190,  Ohio  No.  5. 

Size  as  shipped,  over  J  inch.  Size  as  used,  over 
1  inch,  35.1  perc<>nt;  i  inch  to  1  inch,  22.7  percent; 
J  inch  to  i  Inch,  15.0  per  cent;  under  J  inch,  26.6 
per  cent.  Duration  of  test,  10.07  hours.  Kind  of 
grate,  plain. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal.. 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Fumac*  tempcratun* °F. . 

Dry  coal  used  per  square  foot  of  prate  surfaee  per  hour, 
pounds 

Equivalent  water  evaporated   i^*r  square  foot  of  water- 
heating  surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired, 
pounds 


Test  180.    Test  187.    Test  189.    Test  190. 


13,684 

0.41 

.12 

2,673 

21.49 

3.80 
106.4 

7.25 


13,469 

0.31 

.16 

2,441 

22.91 

4.06 
113.7 


13,532 

0.42 

.13 

2,440 

19.48 

3.60 
100.9 


1.1fS\         l.^\ 


13,4£0 

0,40 

.10 

2,503 

20.44 

3.70 
103.7 


152  OPERATIONS    OF   FUEL-TESTING    PLANT    IN   1905. 

MISCELLANEOUS  ITEMS — continued. 


Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


8.47 

R.85 

9.84 

fi2. 45 

3.34 
4.12 

3.20 
3.ft') 


rest  187. 

Test  189. 

Test  190. 

8.45 

8.81 

8.67 

8.87 

9.25 

9.07 

0.9A 

10.34 

10.24 

(V3.t50 

66.01 

CV  12 

3.35 

3.21 

3.26 

4.13 

3.96 

4.03 

3.19 

3.06 

3. 12 

3.94 

3.77 

3.85 

ANALYSES. 


Proximate.  \ 

Moisture I 

Volatile  matter I 

Fixed  carbon 

Ash 

,      100.00 
Sulphur I         1.63 

UUimate.  \ 

Carbon  « 75. 47 

Hydrogen  « 4. 91 

Oxygen  a 8. 16 

Nitrogen  o i  1. 47 

Sulphur 1. 70 

Ash 8.29 


Test  18ft. 

Test  187. 

Test  189. 

4.25 

4.74 

4.74 

34.40 

33.04 

34.37 

.W.41 

52.97 

52.21 

7.94 

9.25 

8.68 

Test  190. 


4.43 
34.52 
51.73 

9.32 


100.00  I 
1.63  I 


100.00 
1.86 


100.00 
1.76 


100.00 


74.27 

1 
74.57 

4.83 

4.85 

8.03 

8.07 

1.45 

1.45 

1.71 

L95 

9.71 

9.11 

100.00 

100.00 

74.14 
4.82 
8.01 
1.44 
1.84 
9.75 


100.0 


a  Figured  from  car  sample. 

PR0DT7CER-OAB  TEST. 

TeHt  58.  Ohio  No.  R, 

Size  as  shipped,  over  |  inch.    Size  as  used,  not  determined.     Duration  of  test,  50  hours. 

Average  electrical  horsepower 202. 2 

Averagu^  B.  T.  U.  gas,  per  cubic  foot 152.3 

Totril  CO  il  fired pounds. .  11,850 

GOAL  CONSUMED  IN  PRODUCER  (POUND.^  PER  HORSEPOWER  PER  HOUR). 


Test  58. 


Coal  as 
fired. 


Per  electrical  horsepower: 

Available  for  outside  purposes. 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes. 
Developed  at  engine 


1.25 
1.17 


1.06 
1.00 


coai. 

Combus- 
tible. 

1.19 

1.12 

1.12 

1.05 

l.OI 

.95 

0.06 

.89 

TESTS — OHIO. 


153 


COAL  CONSHMBD  IN   PRODUCER   (POUNDS   PEE   HORSEPOWER   PER   HOUR) — Continued. 


EquitHilent  used  by  producer  plant 
Per  oloctrioal  horaepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  (or  outside  purposes 

Developed  at  engine 


Test  58. 


Coal. 

Moisture 

V'olatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Oas  by  volume. 

Carbon  dioxide  (COs) 

I  Carbon  monoxide  (CO) 

Hydrogen  (II») 

Methane  (CII^) 

Nitrogen  (Nt) 


Test  58. 


8.9 
20.7 
12.7 

3.0 
54.7 


100.0 


COKIITO  TEST. 
Test  22,  Oldu  No.  ff. 

Size  as  shipped,  over  J  inch.    Size  as  used,  finely  crushed.     Raw.    Duration  of  test,  55  hours. 

Coal  charged pounds . .  10, 000 

Coke  produced do 6, 383 

Breeze  produced do 358 

C^ke  produced per  cent. .    63. 83 

Breeze  produced do 3.68 

Total  percentage  yield ^ 67. 41 

Refttarks:  Light-gray  and  silvery  color.  Good,  strong  coke.  Should  make  good  furnace  coke. 
Washing  would  probably  reduce  ash  and  sulphur  and  make  good  foundry  coke.  High  yield  due  to 
deposited  carbon. 

ANALYSES. 


Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


Test  22. 

Coal.     \    Coke. 

4.49 

0.87 

34.57 

.96 

52.85 

86.15 

8.09 

12.00 

1.77 

1.64 

OHIO  NO.O. 

Bituminous  coal  from  mine  No.  1,  NefT  Coal  Mining  Company,  NefTs,  Belmont  County, 
Ohio,  on  the  Baltimore  and  Ohio  Railroad. 

This  sample,  which  consisted  of  run-of-mine  coal,  was  shipped  under  the  supervision  of 
Inspector  W.  J.  Von  Borrics  and  was  u.sed  in  making  washing  test  No.  133,  coking  tests 
No6.  59  and  66,  steaming  test  No.  284,  steaming  test  on  washed  coal  No.  253,  and  producerr 
gas  test  No.  76. 
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OPERATIONS    OK    FUEL-TESTING    PLANT   IN   1905. 


Two  mine  sampl&s  were  taken  for  chemical  analysis  as  follows:  No.  2095  from  room  12 
off  the  fourth  east  entry,  2,000  feet  southeast  of  the  drift  mouth;  No.  2096  in  room  3  off 
the  second  west  entry,  1,000  feet  south we,st  of  the  drift  mouth. 


CHEMICAL  AKALYSE8. 


Laboratory  number. 
Air-drying  loss 


Moistiira 

Volatile  matter. 

Fixed  carbon 

JAsh 

jSiilphur , 

Hydrogen 

Carbon 

Nitrogen , 

Oxygen 


Calorific  value  determined: 

Calories 

British  thermal  units. . . 


Mine  samples. 


2095 
1.80  I 

3.99 
38.77 
49.17 
8.07 
3.49 


7,279  !. 
13,102  I. 


1.80 

4.06 

39.45 

50.05 

G.44 

3.35 


Car  sam- 
ple. 


2392 
3.90 

5.31 

36.72 

49.45 

8.52 

3.33 

5.39 

70.71 

1.12 

10.93 

7,135 
12.843 


STEAXmO  TESTS. 


Test  284,  Oliio  No.  6. 


Size  as  shipped,  run  of  mine.  Size  as  u.sed.  over 
1  inch,  49  per  cent:  i  inch  to  1  inch,  14.3  per  cent; 
\  inch  to  i  inch,  10.9  per  cent;  under  J  inch.  2.').S 
per  cent.  Duration  of  test,  9.93  hours.  Kind  of 
grate,  rocking. 


Tent  253,  Ohio  No.  6,  waHhed. 

Size  as  shipped,  nui  of  mine.  Size  as  used,  over 
1  inch.  40  per  cent;  ^  inch  to  1  inch,  24.1  per  cent: 
J  inch  to  2-  inch,  13.7  per  cent;  under  J  inch,  22.2 
poT  cent.  Duration  of  test,  8.2  hours.  Kind  of 
grate,  plain. 


MISCELI^NEOUS    ITEMS. 


I 


,  Test  284.    Test  253. 


Heating  value  of  coal B.  'I\  V.  |x«r  pound  dry  coal. . 

Forc«'  of  draft: 

Under  stacV  damper inch  water. . 

Above  fire do 

Furnace  temix»rature "F.. 

Ttry  coal  us<h1  \iqt  square  foot  of  grate  surface  jht  hour pounds. . 

EquivHk'iit  water  evuporati'd  per  s(juan»  foot  of  water-hc'ating  surface  jicr  hour, 


poimds. 


Percentagi^  of  raUnl  horsepower  of  boiler  developed 

Water  apparently  evaporated  pt»r  poinul  of  coal  as  flred poimds. 

Water  evaporattvl  from  and  at  212**  F.: 

Ter  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  cOml)Ustible do. . . 

Efliciency  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


12,974 


8.71  I 
9.04  I 
10.60  I 
67.29 

I 

3.25  I 
4.01  I 

3.13 
3.86 


13,901 


0.41 

0.45 

.12! 

.18 

2,334  ' 

2..^'r2 

17.88 

1.^.73 

2.1W 

2.8,1 

SI.  3 

70.4 

7.27 

7.?2 

8.73 

9.02 

9.93 

62.66 

3.24 
4.00 

3.13 
3.87 


TESTS OHIO. 
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ANALYSES. 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Te«t  284. 1  Test  253. 


3.71 

3.26 

30.58 

38.74 

47.64 

51.12 

12.07 

6.88 

100.00 

100.00 

3.77 

3.01 

Uliimate. 

Carbon  « 

Hydrogen  o 

Oxygen  o 

Nitrogen  a 

Sulphur 

Ash 


Teat  284. 

Teat  253. 

71.32 

76.63 

4.84 

5.21 

6.26 

6.72 

1.13 

1.22 

3.91 

3.11 

12.54 

7.11 

100.00 

100.00 

o  Figured  from  car  sample. 
P&0D170ER-OAS  TEST. 
TeHt  76,  Ohio  No.  6. 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  1  inch,  61  per  cent;  (  inch  to  1  inch,  14  percent;  \ 
inch  to  \  inch,  10  per  cent;  under  J  inch,  15  per  cent.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 195. 6 

Average  B.  T.  U.  gas,  per  cubic  foot 163.  4 

Total  coal  fired pounds.  .11,850 

COAL  CONSUMED   IN    PRODUCER    (POUNDS   PER   HORSEPOWER   PER   HOUR). 


Per  eUiclrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producrr  plant. 

Per  electrical  horsepower: 

.\ vailable  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  70. 


Coal  as 
fired. 

1.27 
1.21 

1.08 
l.OJ 

Drv' 
coal. 

1.23 
1.17 

1.04 
.99 

1.31 
1.25 

1.12 
1.0(> 

Combus- 
tible. 

1.12 

1.00 

.95 

.90 

1.36 
1.30 

1.10 

1.20 

1.14 

1.02 

l.IO 

.97 

Coal. 

Moisture. 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  76. 


3.01 
38.05 
49. 08 

8.00 

100.00 
3.70  I 


Oa.^  by  volume. 

Carbon  dioxide  (CO,) 

Carbon  monoxide  (CO) 

Hydrogen  (IIj) 

Methane  (CII^) 

Nitrogen  (Nj) 


Test  76. 


10.4 
19.1 
14.1 
3.6 
52.8 


100.0 
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OPERATIONS    OF    FITKl,-TESTING    PLANT   IN    1905. 


WA8HIK0  TEST. 
Test  133,  Ohio  No.  6. 

Si»'  as  shipped,  run  of  mine.    Size  aa  used,  crushed  to  2  inches.    Jig  used.  Stewart  modified. 

Raw  coal pounds. .  24,000 

Washed  coal do....  20,400 

Refuse do ... .    3.  rWO 

ANALYSE8. 


Moisture 

Volatile  matter 
Fixed  carbon . . 

Ash 

Sulphur 


Test  133. 


Raw  coal. 


Washed 
coal. 


5.31 
3&72 

6.16 

49.45 

8.52 
3.33 

fi.38 
2.94 

Tent  50,  Olilo  No.  6. 


GOKINO  TESTS. 


Size  as  shipped,  rim  of  mine.  Size  as  used, 
finely  crushed.    Raw.    Durationof  test,  4(i  hours. 

Coal  charged pounds. .  12.000 

Coke  produced do 7,200 

Breeze  produced do 370 

Coke  produced per  cent. 

Breeze  produced do — 

Total  percentage  yield 63. 08 

Remark.1. —lAghi  gray  and  .silverj'.  L&Tgv. 
long,  heavy  pieces.  Ash  and  sulphur  high. 
Would  make  very  good  coke  if  these  impurities 
could  l>e  removed  by  washing. 


I  Test  00,  Ohio  No.  O,  washfMl. 

I  Size  as  shipped,  run  of  mine.  Size  as  used, 
I  finely  crushed.    Duration  of  te«t,  GO  hours. 

I  Coal  charged pounds..  12,000 

Coke  pro<luced do 7, 166 

Breeze  produced do 369 

Coke  produced per  cent. .    59. 72 

Bretsze  produced do 3. 08 

Total  percentage  yield 62. 80 

I  Remarks.— Light  gray  and  silvery.  Washing 
,  does  not  materially  reduce  ash  and  sulphur,  and 
I  coke  from  washed  coal  not  as  good  physically  as 
,  that  from  raw  charge. 


ANALYSES. 


Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


Test  50. 
Coal.     I    Coke. 


5.26  I 
37.36 

47.53  I 

9.85  I 

3.49  I 


0.77 
1.26 
83.71 
14.26 
2.96 


Test  66. 


"I" 


Coal. 

5.53 

36.95 

50.96 

6.56 

2.96 


I 


Coke. 

0.42 
1.20 
88.35 
10.03 
2.51 


OHIO  NO.  7. 

Bituminous  coal  from  Forsythe  mine,  Foraythe  Coal  Company,  Danford,  Guernsey 
County,  Ohio,  on  the  Baltimore  and  Ohio  Railroad. 

This  sample  was  shipped  as  "lump  coal,"  having  been  pa^ised  over  a  IJ-inch  bar  screen. 
It  was  loaded  under  the  supervision  of  Inspector  J.  W.  Groves  and  was  used  in  making 
washing  test  No.  138,  coking  tests  Nos.  89  and  94,  .steaming  tests  Nos.  268  and  269,  and 
producer-gas  test  No.  87. 

Two  mine  .samples  were  taken  for  chemical  analysis.  No.  2()90  was  cut  from  the  face 
of  room  1  off  the  sixteenth  east  entry,  2,60()  fevX  northwest  of  the  bottom  of  the  slope. 
No.  2091  was  taken  in  room  22  off  the  fourteenth  east  entry,  3,700  feet  north  from  the 
bottom  of  the  slope. 


TESTS OHIO. 

OHEXIOAL  AHALTBE8. 
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Laboratory  number. 
Air-drying  loss 


[Moisture 

I  Volatile  matter. 

Fixed  carlK)n 

IfAsh 


jSulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . . 


S 


Mine  samples. 


2000 
2.60 

6.28 

35.81 

50.61 

7.30 

3.55 


7.056 
12,701 


2001 
2.20 

5.80 
36.80 
50.73 
6.58 
2.62 


Boiler 

test 

sample. 


2656 
2.60 

6.65 
33.94 
48.86 
10.55 

3.13 

5.30 
67.38 

1.20 
12.44 

6,766 
12,179 


STEAMING  TESTS 


Test  S68,  Ohio  No.  7. 


Size  as  shipped,  over  1\  Inches.  Size  as  used, 
over  1  inch,  41.1  per  cent;  |  inch  to  1  inch,  18.5 
percent;  J  inch  to  J  inch.  14.1  percent;  under  \ 
inch.  26.3  per  cent.  Duration  of  test,  9.92  hours. 
Kind  of  grate,  plain. 


Test  260,  Ohio  No.  7. 


Size  as  shipped,  over  1}  inches.  Size  as  used, 
over  1  inch.  50.7  per  cent;  J  inch  to  1  inch,  19.9 
percent;  {  inch  to  }  inch,  11.5  percent;  under  \ 
inch,  17.9  per  cent.  Duration  of  test,  8.27  hours. 
Kind  of  grate,  plain. 


MISCELLANEOUS   ITEMS. 


Test  268.    Test  260. 


I 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature °F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  watcr-hcating  surface  per 
hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efllciency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


13,046 


13,079 


0.40 

0.55 

.13 

.18 

2,280 

2.453 

15.96 

18.56 

2.87 

3.24 

80.3 

90.9 

7.03 

&85 

8.40 

8.20 

9.00 

8.76 

10.37 

10.06 

66.62 

64.68 

3.37 

3.45 

4.16 

4.26 

3.14 

3.23 

3.88 

3.99 
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OPKRATIONS    OF    FUEL-TESTING    PLANT    IN    1905. 


ANALYSES. 


I  Test  288. 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Aali 


6.05 
33.94 

10.55 


Sulphur. 


Test  269. 


6  42 
34.20 
49.14 
10.24 


I  Test  268. ,  Test  269. 


100.00 
3.13 


100.00 
3.30 


Ultimate. 

Carbon « 

Hydrogen  a 

Oxygen  a 

Nitrogen  a 

Sulphur 

.\sh 


72.19 
4.89 
&98 
1.29 
3.35 

11.30 


100.00  I 


72. 34 
4.90 
7.00 
1.29 
a53 

10.94 

100.00 


dFigunul  from  car  sample. 
PR0DU0ER-OA8  TEST. 
T<*Kt  K7,  Ohio  No.  7. 

Size  as  shipp>ed,  over  1 J  inches.    Size  as  used,  over  1  inch,  72  percent;  \  inch  to  1  Inch,  12  percent;  \  to 
\  inch,  6  piT  cent;  under  \  inch,  10  percent.    Duration  of  te^t,  41  hours. 

Average  electrical  horsepower 198. 0 

Average  D.  T.  U.  jras,  per  cubic  foot 15<i.  2 

Total  coal  fl red poimds . .  1 2, 850 

COAL   <.X)NSUMED   IN    I'KOULTCER  (POUNDS   PER   IIORSEPOWEB   PER   HOUR). 


Test  87. 


Coal  as 
fired. 


Dry 
coal. 


Com- 
bus- 
tible. 


Per  electrical  horsc^power: 

Available  for  outside  purpose's 

DeveloptMl  at  switch  lK)ard ' 

Per  brake  horsepower:  ' 

Available  for  outside  purposes ' 

Developed  at  engine ' 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower:  | 

Available  for  outside  purposes 

Develo|X!d  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purpos«»s ' 

Developed  at  engine ' 

ANALYSES. 


.58 


1.42 
1.35 


1.76 
1.67 


1.50 
1.42 


1          1.58 

1.44 

I  50 

1.37 

1.34 

1.23 

1.27 

1.16 

1.67 

1.52 

1.58 

1.45 

1.41 

1.30 

1.35 

1.23 

Coal. 


Moisture 

Volatile  matter. 
Fixed  carbon... 
Ash 


Sulphur. 


Test  87. 


5.29 
35.86 
50.73 

8.12 

100.00 
2.34 


Oas  by  volume 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) . . . 

Hydrogen  Hi) 

Methuno  (CUO 

Nitrogen  (Nj) 


Test  87. 


9.5 
2a4 
12.3 

3.1 
54.7 


100.0 


TESTS OHIO. 
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WASHING  TEST. 
TeHt  138.  Ohio  Nu.  7. 

Size  an  shipped,  over  l\  inches.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  16,000 

Washed  coal do 14,000 

Refuse do....    2,000 

ANALYSES. 


Test 
Raw  coal. 

6.65 
33.94 
48.86 
10.55 

3.13 

138. 

Washed 
coal. 

Moisture                           .  .             

7.47 

Volatile  matter 

Fixed  carbon 

Ash . .                                  .                                               .        . 

6.37 

Sulphur 

2.16 

COKIKO  TESTS. 

Test  89.  Ohio  No.  7. 

Size  afl  shipped,  over  1\  inches.    Size  as  used, 
finely  crushed.  Raw.    Duration  of  test.  45  hdurs. 

Coal  charged pounds. .  12,000 

Coke  produced do -7, 117 

Breeze  produced do  —        374 

~59.31 
3.12 


Coke  produced per  t*ent.. 

Breeze  produced do 


Tent  94.  Ohio  No.  7.,waMhed. 

Size  as  shipped,  over  IJ  inches.    Size  as  used, 
finely  crushed.    Duration  of  test,  60  hours. 

Coal  charged pounds..  12.000 

Coke  produced do 6, 898 

Breeze  produced do 303 

2.53 


Coke  produced per  cent. 

Breeze  produced do. . . 


Total  percentage  yield 62.  43 

Remarks.— Light    gray    and    silvery.     Large- 
fingered  coke.    .\sh  and  sulphur  high. 


!  Total  percentage  yield 60.02 

Remarks.  Light  gray  and  silvery.  Fine-fin- 
i  gered  coke.  Lighter  than  coke  from  raw  coal. 
'    Washing  does  not  improve;  sulphur  high. 


Moisture 

Volatile  matter 
Fixed  carbon . . 

Ash 

Sulphur 


ANALYSES. 

Teat  89. 

Test  94. 

Coal. 

5.77 
35.43 
49.82 
8.98 
2.88 

Coke. 

0.75 

.98 

85.33 

Coal. 

7.37 
36.36 
49.72 
6.55 
2.23 

Coke. 

0.57 

1.58 

88.06 

9.T7 

1.90 

OHIO   NO.  8. 

Bituminous  coal  from  Dixie  mine,  Upson  Coal  and  Mining  Company,  Dixie,  Perry  County 
Ohio,  on  the  Baltimore  and  Ohio  Railroad. 

This  sample  consisted  of  run-of-raine  coal.  It  was  loaded  under  the  supervision  of 
Inspector  J.  W.  Groves  and  was  used  in  making  washing  test  No.  137,  coking  tests  Nos.  81 
and  93,  steaming  test  No.  287,  and  producer-gas  ti'st  No.  8.3. 

Two  mine  samples  were  taken  in  the  mine  for  chemical  analysis — No.  2119  from  the  first 
pair  of  cast  entries,  1,000  feet  southeast  of  the  drift  mouth,  and  No.  2120  from  the  first 
pair  of  west  entries,  1,000  feet  southwest  of  the  drifk  mouth. 


160  OPERATIONS    OF    FUEL-TESTING    PLANT   IN    1905. 

OHEKICAL  AHALT8EB. 


Laboratory  number. 
Air-drying  loss 


Molsturp 

Volatile  matter . 

Fixed  carbon 

Ash 


Sulphur.. 
Hydrogen. 
Carbon 


:3  Nitrogen 

^  lOxygen 

Calorific  value  determined: 

Calories 

British  thermal  units.. 


Mine  samples. 


2119 
3.80 

&92 
38.58 
46.65 
5.85 
3.00 


6,849 
12,328 


2120 
3.70 

8.87 
39.32 
47.81 
4.00 
1.74 


Car 
sample. 


2550 
4.50 

7.55 
38.00 
46.08 
8.37 
2.84 
5.48 
67.02 
1.29 
15.00 

6.738 
12.128 


,  BTEAXnrO  TEST. 

TeHt  '^87,  Ohio  No.  8. 

Size  as  shipped,  nin  of  mine.  Size  as  used,  over  1  inch,  50.2  percent;  }  inch  to  1  inch,  20.4  percent;  J 
nch  to  i  inch,  11.8  per  cent;  under  i  inch,  17.fi  per  a^nt.  Duration  of  test,  10.03  hours.  Kind  of  grate, 
rocking. 

MISCELLANEOUS   ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal . . 

Force  of  draft: 

Under  stack  damper Inch  water. 

Al)Ove  fire do. . . 

Furnace  temperature **F. 

Dry  coal  used  iM>r  square  foot  of  grate  surface  pt»r  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water  heating  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212®  P.: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Efficiency  of  boiler,  inotwUng  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  elect ric«l  horsepower  hour do... 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  287. 


13,136 

0.50 

.21 

2,506 

21.29 

3.44 
96.3 

6.86 

8.22 
9.01 
10.06 
66.24 

3.44 
4.25 

3.14 
3.88 
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Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 


Sulphur  . 


Test  287. 


8.70  i 
35.76  I 
47.10 

8.44  , 

100.00 
2.41 


VUiinate. 


Carbon a 

Hydrogen  a. 

Oxygen  o 

Nltrogena.. 

Sulphur 

A«»h 


Test  287. 


72.70 
5.04 
8.08 
1.40 
2.64 
9.24 

100.00 


a  Figured  from  car  sample. 

P&0D17CER-OAS  TEST. 

Test  83,  Ohio  No.  8. 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  I  inch,  68  percent;  ^  inch  to  1  inch,  14  per  cent;  \  inch 
to  I  inch,  9  per  cent;  under  \  inch,  19  per  cent.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 1^  6 

Average  B.  T.  U.  gas,  per  cubic  foot 170. 2 

Total  coal  fired pounds. .  14,850 

COAL  CONSUMED   IN    PRODUCER   (POUNDS    PER   HORSEPOWER    PEB  HOUR). 


Per  eU^trical  horsepower: 

Available  for  outside  purposes. 

IX^veloped  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes. 

Developed  at  engine 


Test  83. 


Equivalent  used  hy  'producer  plant. 


l»er  electrical  horsepower: 

Available  for  outside  purposes. 

Developed  at  switch  board 

Per  bralce  horsepower: 

Available  for  outside  purposes. 

Developed  at  engine 


Coal  as 
fired. 

Dry  coal. 

Com- 
bustible. 

1.60 

1.47 

1.27 

1.50 

1.37 

1.19 

1.36 

.   1.25 

1.08 

1.27 

1.17 

1.01 

1.67 

1.53 

1.32 

1.66 

1.42 

1.23 

1.42 

1.30 

1.12 

1.32 

1.21 

1.05 

ANALYSES. 


Test  83. 

1  Test  83. 

Coal. 
Moisture 

i 

8,70 
3.5.58 
43.63 
12.09 

Oas  by  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) 

6.5 

V^olatil*'  matter. . .         

24.5 

Fixed  car])on     ....        

Hydrogen  (Hj) 

12.3 

Ash 

Methane  (CH«) 

3.1 
53.6 

Nitroeen  IS*) 

100.00  , 
3.82 

Sulphur 

100.  OC 

Ball  290—06 II 
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OPERATIONS    OF    FUEL-TESTING    PLANT    IN    liK)5. 


WASHING  TEST. 
Test  137.  Ohio  No.  8. 

Size  as  shipped,  run  of  mine.    SIm  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modifled. 

Raw  coal pounds . .  17, 200 

Washed  coal do....  15,560 

Refuse ^ do 1 ,  640 

ANALYSES. 

I  Test  137. 

|R.wcoal.i    ^V^a^"* 


Moisture 

Volatile  matter ' 

Fixed  carbon I 

Ash 

Sulphur i 

I 


7.55 
38.00 
46.08 
8.37 
2.84 


11.77 


6.03 
2.07 


COKING  TESTS. 


Te(»t81,OhJoNo.  8. 


Size  as  shipped,  run  of  mine.  Size  as  used, 
finely  crushed.  Raw.  Duration  of  test,  52 
hours. 


Coal  charged pounds. 

Coke  produced do: . . 

Breeze  produced do 

Coke  produced per  cent . 

Breeze  produced  I do. . . 


12,000 

6.526 

_4.54 

3  78 


TeHt  03,  Ohio  No.  8,  washed. 

Size  as  shipped,  run  of  mine.    Size  as  used 
finely  crushed.    Duration  of   test,  69  hours. 

Coal  charged pounds. .  12. 000 

Coke  produced do 6. 281 

Breeze  produced do 433 


Coke  produced per  cent. 

Itreeze  produced do . . . 


Total  percentage  yield .^s.  16 

/JfTOarA-*.— Light  gray  and   silvery.    Fine-fln- 
gorod  coke.     High  ash  and  sulphur. 


.52.34 
3.61 


Total  percentage  yield ."Wi.  a^ 

AV/narA's.  -Light  gray,  with  so.iie  little  silvery 
deposit.  .Vbout  three-fourths  of  oven  seemed  to 
coke  up  alK)ut  8  inches  and  upper  U  inches  coked 
down,  showingcleardemarcalion.  Upperpart  fin- 
gered, lower  in  chunks.  Washing  does  not  improve. 


ANALYSES. 

Test  81.           ] 

Test  93. 

1     Coal. 

[ 

1          8.43 
37.25 
44.56 
9.76 
2.90 

Coke.     1 

i 
0.66  1 

.93 

82.81 
15.60 
2.59 

Coal. 

11.43 
37.90 
44.64 
6.03 
2.10 

C< 

)ke. 

Moisture 

2.46 

Volatile  matter 

Fixed  carbon 

1.76 
86.05 

Ash 

9.73 

Sulphur 

1.88 

OHIO  NO.  0. 

Bituminous  coal  from  Clarion  mine,  Gallia  Mining  Company,  Clarion,  Vinton  County, 
Ohio,  on  the  Hocking  Valley  Ruilway. 

Two  samples  were  shipped  under  the  supervision  of  Inspector  J.  W.  Groves,  as  follows: 
Ohio  No.  9  A,  lump  coal  over  IJ-inch  screen,  used  in  making  coking  test  No.  72,  steaming 
tests  Nos.  246,  249,  2.50,  and  252,  and  producer-gas  test  No.  73;  Ohio  No.  9  B,  nut  and 
slack  coal  through  IJ-inch  screen,  used  in  making  washing  test  No.  131,  coking  tests  Nos. 
55  and  57,  steaming  te^st  No.  224,  and  steaming  tests  on  washed  coal  Nos.  241,  243,  and 
^44. 


TE8T8 OHIO. 
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Two  mine  samples  were  taken  in  this  mine  for  chemical  analysis — No.  2208  from  room  6 
off  the  fourth  east  entry,  900  feet  northeast  of  the  drift  mouth,  and  No.  2209  from  No.  5 
butt  entry  off  the  main  entry,  800  feet  west  of  the  drift  mouth. 


CHEKICAL  ANALYSES. 


Laboratory  number. 
Air-drying  loss 


a 


Moisture 

Volatile  matter 

Fixed  carbon 

lAsh 

jSulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units.. 


Mine  samples. 


2208 
2.80 

6.79 
40.01 
45.54 
7.66 
3.  .34 


6.952 
12,514 


2209 
a40 

7.38 
41.60 
44.86 
6.16 
2.77 


Car  sam- 1  Car  sam- 
ple A.        pie  IJ. 


2310 

2311 

3.20 

5.60 

5.50 

8.10 

36.86 

36.87 

49.26 

4a  10 

8.29 

11.93 

3.15 

3.35 

4.88 

5.15 

60.76 

63.54 

1.18 

1.06 

12.74 

14.97 

7.096 

6.424 

12,773 

11,563 

STEAXDVO  TESTS. 


TeftI  246,  Ohio  No.  9  A. 


Test  224,  Ohio  No.  0  B. 


Size  as  shipped,  over  1}  inches.  Size  as  used, 
over  1  inch,  48.5  per  cent:  )  inch  to  1  inch.  17.7  per 
cent;  J  inch  to  J  inch,  11.2  percent;  under  J  inch. 
22.6  per  cent.  Duration  of  test,  8  hours.  Kind 
of  grate,  plain. 

Teat  240,  Ohio  No.  0  A. 

Size  as  shipped,  over  1)  inches.  Size  as  used, 
over  1  inch,  58  per  cent;  i  Inch  to  1  inch,  14.5  per 
cent;  \  inch  to  ^  inch,  8.7  per  cent;  under  }  inch, 
18.8  per  cent.  Duration  of  test,  9.80  hours.  Kind 
of  grate,  plain. 

Teat  250,  Oliio  No.  O  A. 

Size  as  shipped,  over  1}  inches.  Size  as  used, 
over  1  inch,  45.8  percent;  i  inch  to  1  inch,  17.6  per 
cent;  J  inch  to  J  inch,  14.1  per  cent;  under  }  inch, 
22.5 percent.  Duration  of  test,  10  hours.  Kind 
of  grate,  plain. 

TeMt  252,  Ohio  No.  O  A. 

Size  as  .ihipped,  over  IJ  inches.  Size  as  used. 
over  1  inch,  35.4  percent;  }  inch  to  1  in^h,  16.5  per 
cent;  \  inch  to  ^  inch,  16  per  cent;  under  J  inch. 
32.1  percent.  Duration  of  test,  6.63  hours.  Kind 
of  grate,  plain. 


Size  as  shipped,  nut  and  slack.  Size  as  used, 
over  1  inch,  20.6  percent;  i  inch  to  1  inch,  20.7  per 
cent;  J  inch  to  k  inch,  16.8  percent;  under  J  inch, 
41.9  percent.  Duration  of  test,  9.88  hours.  Kind 
of  grate,  rocking. 

TeHt  241,  Ohio  No.  0  B,  waahed. 

Size  as  shipped,  nut  and  slack.  Size  as  used, 
over  1  inch.  28.1  per  cent;  J  inch  to  1  Inch.  26.9  per 
cent;  J  inch  to  i  Inch,  19  per  cent;  under  J  inch, 
26  per  cent.  Duration  of  test,  8.08  hours.  Kind 
of  grate,  plain. 

Test  243,  Ohio  No.  0  B,  washed  and  dried. 

Size  as  shipped,  nut  and  slack.  Size  as  used, 
over  1  inch,  11.7  per  cent;  i  inch  to  1  inch,  22.8  per 
cent;  J  inch  to  J  inch,  23.8  per  cent;  under  J  inch, 
41.7  percent.  Duration  of  test,  9.4.'>  hours.  Kind 
of  grate,  plain. 

TfT.Ht  244,  Ohio  No.  0  B,  washed  and  dried. 

Size  as  shipped,  nut  and  slack.  Size  as  used, 
over  1  inch,  10.6  per  cent;  J  inch  to  1  inch,  29.8  per 
cent;  J  inch  to  J  inch,  22.6  per  cent;  under  \  inch, 
31  percent.  Duration  of  test,  6.07  hours.  Kind 
of  grate,  plain. 
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OPERATIONS    OF    FUEL-TESTING    PLANT    IN    1905. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal.  B.  T.  U.  per 
pound  dry  coal 

Force  of  draft: 

Under  stack  damper,  inch  water 

Above  fire do 


Test    I    Test    I    Test    I    Test    ]    Test    I    Test 
246.         249.     i     2.50.         252.         224.     |     241. 


Test 
243. 


Test 
244. 


13,507  i  13,390  i  13,369  '  13,406 


Furnace  temperature. 


0.48 
.15 


0.38 
.13 


°F..      2.400  I    2.411 


Dry  coal  used  per  square  foot  of 
grate  surface  per  hour. .  .pounds. . 

Equivalent  water  evaporated  per 
square  foot  of  water-heating  sur- 
face per  hour pounds. . 

Percentage  of  rated  horsepower  of 
boiler  aevelopi'd 


18.30  I     16.50 


Water  apparently  evaporated  per  | 
pound  of  coal  as  firea . .  .poynds. . 

Water   evaporated    from    and    at  ! 
212**  F.:  I 

Per   pound   of  coal    as   fired,  | 
pounds 

Per  pound  of  dry  coal. pounds.. 

Per    pound     of    combustible, 
pounds 

Efficiency  of  boiler,  including  grate, 
per  wnt 

Coal  as  fired: 

Per  indicated  horsepower  hour, 
pounds '. ... 


Per  electrical  horsepower  hour, 
pounds 


Dry  coal: 


I'er  indicated  horsepower  hour, 
pounds 


I'er  cloctrical  horsepower  hour, 
pounds 


3.32 
93.1 
7.20 

8.57 
9.10 

10.06 

65.06 

3.30 
4.08 

3.11 
3.84 


2.93  I 

I 
82.1, 

7.00  : 


0.37 

.11 

2,322 
15.64 

2.88 
80.7 
7.26 


I 
I 

8.33  I 
8.90  ! 


4.19 


8.66 
9.22 


9.96  I     10.31 
64. 19  '     66. 60 


4.03 


3.18 

3.92  I      :J.79 


3,406 

12,119 

0.42 

0.50 

.14 

.18 

2.436 

17.39 

21. 51 

3.13 

.^13 

87.9 

87.8 

7.11 

6.32 

8.49 
9.03 

10.10 

65.05 

a33 
4.11 


3.07         3.13  I 

i  I 

3.87 


0.47  I      0.49  I 

.11  I        .13  I 
2.349  I    2.487  I 


17.81 

3.31 
92.7 


7.48 


3.78  I 


4.67 


3.48 
4.30 


18.22 

I 

3.  .31 
92.8  I 


7. 18  I      7.  48  I 

i 


&56 
9.30 


8.12 
9.97  '     10.17 
64.70  ,    66.51 


3.30 
4.08 

3.04  ' 


8.93  I 
9.11  I 

9.98  ' 
I 
65.78 

I 

3.17  i 

I 
3.91  I 


,1 


3.75  '       3.83  I 


0.44 
.11 

2.5:« 

18.08 

3.26 
91.5 
7.41 


8.82 
9.04 

9.86 

65.05 

3.21 
a96 

:j.  13 
:t»6 


ANALYSES. 


Proximate. 

Moisture 

Volatile  matter. 
Fixed  carbon . . . 
Ash 


Sulphur 

Ultimate. 

Carbon  a 

Hydrogen  a 

Oxygen  a 

Nitrogen  a 

Sulphur 

Ash 


Test  246.  i  Test  249. 


5.83  I 
40.02  j 
46.  23  I 

7.92  , 

100.00 
.3.  76  I 


73.64 
4.50 

8.22 
1.24 
3.99  I 
8.41  I 

100.00  1 


6.40 
37.82  j 
47.06  I 

8.72  I 


Test  250. 

Test  252. 

Test  224. 

Test  241. 

6.06 

5.99 

7.84 

7.92 

38.44 

38.99 

3,').  24 

38.58 

46.66 

46.  31 

42. 03 

46.42 

8.84 

8.71 

14.89 

7.08 

Test  243. '  Test  244. 


100.00  , 
3.60  I 


73.00  I 
4.45 
8.14  i 
VIA 
3.85  ' 


9.32 


100.00 

100.00 

3.06 

3.50 

72.89 

7.3. 15 

4.45 

4.47 

8.12 

8.17 

1.23 

1  23 

3.90 

3.72 

9.41 

9.26 

100.00 
3.27  I 


2.8«i  I 


L92  I 
41.68  ' 
48.99  I 

7.41  ' 

100.00 
3.06  I 


6().  50  I 

4.  46  I 

8.13  I 

l.U 

a55 

16. 16  ' 


I 


73.97 
4.95 
9.04 
1.24 

an 

7.69 


7a  18 
5.05 
9.86 
1.24 
a  12 
7.55 


2.47 
41.. 33 
49.15 

i,05 


100.00 
a  02 


7a  45 
5.06 
9.91 
1.25 
a  10 
7.23 


100  UO  I 


100.00  I       100.00         100.00 


100.00 


«  Figured  from  cat  sample. 
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FKOD170ER-OA8  TEST. 
Tent  73,  Ohio  No.  0  A. 

Size  as  shipped,  over  1\  inches.    Size  as  used,  over  1  inch,  G2  per  cent;  }  inch  to  1  inch.  14  per  cent; 
i  inch  to  i  inch,  11  per  cent;  under  \  inch,  13  per  cent.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 194. 5 

Average  B.  T.  U.  gas,  per  cubic  foot 154. 6 

Total  coal  fired ". pounds..  12,800 

CX>AL  CONSUMED   IN    PRODUCER.  (POUNDS   PER    HORSEPOWER   PER    HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes. 

Developed  at  switch  board 

IVr  brake  horsepower: 

Available  (or  outside  purposes. 

Developed  at  engine 


Equivalrnl  used  by  jtroiiurer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposi>s 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  73. 

Coal  as 
fired. 

Drv 
coal. 

1.39 

1.29 

1.32 

1.22 

1.18 

1.10 

1.12 

1.04 

1.51 

1.40 

1.43 

1.32 

1.28 

1.19 

1.21 

1.13 

Com- 
bustible. 


1.17 
1.  U 


1.00 
.95 


1.27 
1.21 


1.08 
1.03 


Coal. 


Moisture 

Volatile  matter. 
Fixed  carbon.. . 
Ash 


Sulphur. 


Oas  by  volume. 

Carbon  dioxide  (C0«) 

Cttrl:>on  monoxide  (COi . . . 

lIydrogt»n  (Hi) 

Methane  (CH«) 

Nitrogen  (N«) 


Test  73. 


14.5 
13.8 
18.1 
3.0 
50.6 

100.0 


WASHING  TEST. 
Test  131,  Ohio  No.  9  B. 

Size  as  shipped,  nut  and  slack.    Sixe  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal . . ., pounds. .  46, 530 

Washed  coal do. ...  37, 830 

Refuse do. . . .    8, 700 

ANALYSES. 


Moisture 

Volatile  matter 
Fixed  cartK>n.. , 

Ash 

Sulphur 


Test  131 
Raw  coal. 


Washed 
coaJ. 


8.  10 
36.87 
43.  lU 
11.93 

3.35 


9.49 


7.45 
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OPERATIONS    OF   FUEL-TESTING   PLANT   IN    1905. 


OOKXITG  TESTS. 


TeHt  72,  Ohio  No.  9  A. 


Size  as  shipped,  over  IJ  inches.    Size  as  used, 
finelycrushed.    Raw.    Durationof  test,  71  hours. 

Coal  charged pounds..  12,000 

Coke  produa^d do 5, 59() 

Bn^ze  produced do 452 


Coke  produced percent..    54.97 

Breeze  produced do 3. 77 

Total  percentage  yield 58. 74 

Remarks.— Ijlght  gray  and  silvery.  Fine-fin- 
gered coke.  Sulphur  too  high.  Good  coke  can  lie 
produced  if  sulphur  can  be  lowered  by  washing. 
Somewhat  brittle. 

Tet*t  55,  Ohio  No.  0  B. 

Size  as  shipped,  nut  and  slack.  Size  as  used, 
finelycrushed.    Raw.    Duration  of  test, 53 hours. 

Coal  charged pounds. .  12,000 

Coke  produced do —    0, 647 

Breeze  produced do 593 


Coke  produced per  cent. .    55. 39 

Breeze  produced do 4. 96 

Total  percentage  yield 60. 35 

/e«TOarA*.— Dull-gray  color.  Some  little  depos- 
ited carl>on.  Good  weight  coke.  Breaks  in  about 
equal  proportions  of  fingered  coke  and  chunks. 
High  ash  and  sulphur. 

TeHt  57,  Oliio  No.  O  B,  washed. 


I  Size  as  shipped,  nut  and  slack.    Size  as  used, 

j  finelycrushed.    Dunition  of  test,  57  hours. 

I  Coal  charged pounds..  12,000 

j  Coke  produced do 6,300 

I   Breeze  produced do 441 

.  Coke  produced percent..    52.50 

I   Breeze  produced do 3.68 

Total  percentage  yield 56. 18 

Afmarlrs.— Light-gray  color.  Fine-fingered 
coke.  Somewhat  brittle.  Washing  reduces  ash 
very  materially,  but  does  not  remove  sufldcicnt 
sulphur. 


ANALYSES. 


1            Test  72.           1 

Test  55. 

Test  57. 

1     Coal. 

Coke.    1 

1 

Coal.         Coke. 

Coal. 

Coke. 

Moisture 

Volatile  matter 

1 

1          5.58 

1        39.80 

1.80 

1.08 

84.43 

12.69 

3.06  1 

1 

9.03 
33.56 
41.10 
16.31 

3,40 

0.70 
1.35 
78.63 
19.32 
2.94 

9.73 
37.27 
46.02 
6.98 
2.84 

0.68 
.89 

Fixed  carbon 

i        46.44 

86.93 

Ash 

Sulphur 

8.18 

1          3.63 

11.50 
2.40 

PENNSYLVANIA  NO.  4. 

Bituminous  coal  from  Jamison  mine,  Jamison  Coal  and  Coke  Company,  4  miles  north 
of  Greensburg,  Westmoreland  County,  Pa.,  on  the  Pennsylvania  Railroad. 

This  sample  consisted  of  lump  coal  (over  l}-inch  bar  screen)  and  was  shipped  under 
the  supervision  of  Inspector  J.  W.  Groves.  The  following  tests  were  made:  Steaming 
tests  Nos.  207,  208,  and  209,  and  producer-gas  test  No.  65. 

Two  mine  samples  for  chemical  analysis  were  taken  from  this  mine — No.  1942  from  the 
face  of  room  19  off  the  tenth  butt  entry,  3,500  feet  north  of  the  shaft,  and  No.  1943  in 
the  main  west  entry,  2,0(X)  feet  northwest  of  the  shaft. 


TESTS — PENNSYLVANIA. 
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Mine  samplea. 


Car 
sample. 


Laboratory  number. 
Air-drying  loss 


Moisture , 

Volatile  matter. 

Fixed  carbon 

(Ash 

[Sulphur 

Hydrogen 

Carbon , 


B  Nitrc^n 

[Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


1942 
1.60 

2.73 

30.34 

57.80 

9.13 

1.33 


I 


7,563 
13,613 


1943 
1.70 

2.80 
30.92 
5S.21 

8.07 
.83 


2187 
2.20 

3.15 

30.27 

56.17 

10.41 

1.26 

4.96 

74.33 

1.43 

7.61 

7,448 
13,406 


STEAMING  TESTS. 


Tent  207,  Pennsylvania  No.  4. 

Size  as  shipped,  over  1\  inches.  Siza  as  used, 
over  1  inch,  30^4  per  cent;  i  inch  to  1  irch,  21  per 
cent;  \  inch  to  \  inch,  16.9  percent;  under  \  inch, 
31.7  percent.  Duration  of  test,  10  hours.  Kind 
of  grate,  rocking. 

Teat  208,  Pennsylvania  No.  4. 

Size  as  shipped,  over  l\  inches.  Size  as  used, 
over  1  inch,  25.8  per  cent;  )  inch  to  1  inch,  20.3  per 


cent;  J  inch  to  }  inch,  16.4  per  cent;  under  \  inch, 
37.5  percent.  Duration  of  test,  10  hours.  Kma 
of  grate,  rocking. 

Test  200,  Pennnylvanla  No.  4. 

Size  as  shipped,  over  1^  inches.  Size  as  used, 
over  1  inch,  30.7  per  cent;  J  inch  to  1  inch,  22.7 
per  cent;  J  inch  to  }  inch,  16.7  per  cent;  under  J 
inch,  29.9  per  cent.  Duration  of  test,  10.05  hours. 
Kind  of  grate,  rocking. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U.  p«»r  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature 'F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour .  .pounds. . 

Equivalent  water  evaporated  per  .square  foot  of  wuter-heatiT  g  sur- 
face per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212<>  F.: 

Per  pound  of  coal  as  fired do — 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do — 

Elflclency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  elwtrical  horsepower  hour do — 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


Test  207. 

Test  208. 

Test  209. 

13,979 

13,921 

13,952 

0.44 

0.44 

0.49 

.14 

.13 

.15 

2,363 

2,223 

2,200 

19.61 

17.45 

17.83 

3.41 

3.08 

3.07 

95.6 

86.2 

86.0 

8.10 

8.23 

8.02 

9.47 

9.62 

9.38 

9.70 

9.84 

9.61 

11.09 

11.36 

10.98 

67.01 

68.26 

66.5? 

2.99 

2.94 

3.01 

3.tt9 

3.63 

3.72 

2.92 

2.87 

2.94 

aco 

3.55 

3.63 
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ANALYSES. 


Test  207. 

2.32 
30.28 
57.71 

9.69 

Test  208. 

2.22 
30.46 
67.18 
10.14 

Test  209. 

|!            Ultimate. 
2.34  il  Carbon  o.. 

Test  207. 

Teat  208. 

Test  209. 

Proximate. 
Moisture 

77.48 

77.21 
4.80 
4.98 
1.48 
1.16 

in.  .•?? 

77  40 

Volatile  matter 

Fixed  carbon 

Ash 

30.56  !    llydrogcna 

67.18  1    Oxygen  o 

9.92  1    Nitrogena 

4.81 
5.03 
1.48 
1.28 
9.92 

4.80 
5.02 
1.49 

100.00 
1.13 

t       100.00 

100.00  1      ^      

in  u 

Sulphur 

1.2b 

1.12  :             

1 

i 

100.00 

100.00 

100.00 

o  Figured  from  car  sample. 

PROSUOER-OAS  TEST. 

TeHt  (la,  FeiiuKylvaiiia  No.  4. 

Sixc  as  shipped,  over  l\  inches.    Size  as  used,  over  I J  inches,  75  per  cent;  ^  inch  to  1  inch,  9  per  cent; 
J  Inch  to  i  inch.  0  per  cent;  under  J  inch,  10  percent.    Duration  of  te.st.  60  hours*. 

Avcnige  electrical  horsepower 195. 1 

Average  B.  T.  IJ.  gas,  per  cubic  foot 140. 6 

Total  coal  fired . .' : pounds. .  13,200 

COAL  (X>NaLTMED   IN    PRODUCER  (POUNDS   PKR   HORSEPOWER    PER   HOUR.) 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equit>alent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine , 


Test  65. 


Coal  as 
nred. 

Dry  coal. 

1.42 

1.40 

1.35 

1.33 

1.21 

1.19 

1.15 

1.13 

1.49 

1.40 

1.42 

1.39 

1.27 

1.24 

1.21 

1.18 

1.24 
1.18 


l.a5 
1.00 


1.30 
1.24 


1.10 
1.05 


ANALYSES. 


Coal. 

Moisture 

Volatile  matter 

Fixed  carlx)n 

Ash 

Sulphur 


Test  <»5. 

1.79 

30.  17 

57.04 

11.00 

100.00 

1.35 

Gas  by  volume. 

Carbon  dioxide  (CO.) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (lU) 

Methane  (CII^) 

Nitrogen  (Ng) 


Test  65. 

8.7 

20.7 

12.5 

2.5 

65.6 

100.0 

TESTS PENNSYLVANIA. 
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PENNSYLVANIA  NO.  6. 

Bituminous  coal  from  Nos.  1  and  2  mines,  James  W.  Ellsworth  &  Co.,  Ellsworth, 
Washington  County,  Pa.,  on  the  Pennsylvania  Railroad. 

This  sample  consisted  of  "three-fourths  inch  coal"  over  a  three-fourths  inch  bar  screen. 
It  was  loaded  under  the  supervision  of  Inspector  W.  J.  Von  Borries,  and  was  used  in  making 
washing  test  No.  120,  coking  tests  Nos.  25  and  26,  steaming  test  No.  286,  steaming  tests 
on  washed  coal  Nos.  194  and  195,  and  producer-gas  test  No.  59. 

Two  mine  samples  were  taken  for  chemical  analysis— No.  1966  from  room  10  off  the 
first  butt  entry,  3,000  feet  southeast  of  the  shaft  in  mine  No.  2,  and  No.  1967  from  room 
17  off  the  fifth  butt  north  entry,  3,000  feet  north  of  the  shaft  in  mine  No.  1. 


CHEMIGAL  ANALYSES. 


Mine  saniDles. 


l#aboratory  number . 
Air-drying  loss 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 


ISulphur 

S  Hydrogen 

g  Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . . 


19(JG 
1.50 

3.01 
33.46 

rxS.  70 
4.83 


7,887 
14,197 


19«}7 
1.50 

2.91 

33.70 

57.99 

5.40 

1.08 


Car 
sample. 

2068 
1. 00 

2.46 
34.48 
57.01 

0.05 
.88 

5.26 
77.99 

1.53 

8.29 

7,786 
14,013 


STEAMING  TESTS. 


Text  280,  PeniiKylvaiila  No.  5. 

Size  as  shipped,  over  }  inch.  Size  as  used,  over 
1  inch,  55.3  percent:  ^  inch  to  I  inch,  14.5  per  cent; 
\  inch  to  J  inch,  9.8  per  cent;  J  inch,  20.4  per  cent. 
Duration  of  test,  10  hours.  Kind  of  grate,  rock- 
ing. 

Tent  104,  Peiiiitiylvania  No.  5,  washed. 

Size  as  shipped,  over  }  inch.  Size  as  used,  over 
1  inch,  53.4  percent;  i  inch  to  1  inch,  22.2  percent; 


I  inch  to  i  inch,  11.8  per  cent;  under  J  inch,  12.6. 
per  cent.  Duration  of  test,  10  hours.  Kind  of 
grate,  rocking. 

Test  195,  Fen  II  sylvan  la  No.  5,  washe<l. 

Size  as  shipped,  over  i  inch.  Size  as  used,  over 
1  inch,  55.2  percent;  i  inch  to  1  inch,  18.7  percent; 
J  inch  to  i  inch,  11.8  per  cent;  under  J  inch,  14.3 
per  cent.  Duration  of  test,  10.02  hours.  Kind  of 
grate,  rocking. 


MIH('eLLANFX)LTS    ITEMS. 


Heating  value  of  coal B.  T.  V.  per  pound  dry  coal.. 

Force  of  draft: 

Under  stack  dam()er inch  water.. 

Above  fire do 

Furnace  temperature °F.. 

Dry  coal  used  |wr  square  foot  of  Rratr  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 

per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds.. 


Test  28b. 

Test  194. 

Test  195. 

14,029 

14,526 

14,567 

0.36 

0.51 

0.47 

.12 

.14 

.16 

2,628 

2,478 

2,532 

18.43 

20.52 

19.97 

3.42 

3.53 

3.  46 

95.9 

98.8 

96.9 

8.29 

7.93 

7.97 
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01>KRAT10NS    OF    FUKL-TESTING    PLANT    IN    1905. 

'  MIS€ELL^\NEOUS    ITEMS — COntinucd. 


Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  flrcd. pounds. 

Per  [>ound  of  dry  coal do... 

Per  i)ound  of  combustible do. . . 

Kfficiency  of  boiler,  including  grate ; per  a»nt. 

Coal  as  lircd: 

Per  indicated  horsepower  hour pounds. 

Per  ehM?trical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do... 


St  286. 

Test  194. 

Test  195. 

9.92 

9.30 

9.36 

10.35 

9.59 

9.G5 

11.40 

10.21 

10.36 

71.25 

63.76 

63.97 

2.85 

3.04 

3.02 

3.52 

3.75 

3.73 

2.73 

2.95 

2.93 

3.37 

3.64 

3.62 

ANALYSED. 


Proximate. 

Moisture 

Volatile  matter 
Fixed  carbon.. 
Ash 

Sulphur 


Test  286. 

Test  194. 

Test  195. 

4.11 

3  03 

2.97 

to.  51 

35.23 

35.11 

55.43 

56.85 

57.19 

7.95 

4.89 

4  73 

100.00 

100.00 

100.00 

1.01 

.96 

.94 

I 

I 

'  Ultimate. 

I  Carbon  a 

Hydrogen  o.. 

Oxygen  a 

Nltrogeno... 

Sulphur 

Ash 

I 


Tost  28(). 

Test  194. 

Test  195. 

4 

78.03 
4.99 
6.11 
1.53 
1.05 
8.29 

80.86 
5.18 
6.34 
1.59 
.99 
5.04 

81.04 



5.18 
6.34 

1.59 

.97 

4.88 

100.00 

100.00 

100.00 

a  Figured  from  car  sample. 

PRODUCER-OAS  TEST. 

TeHt  59,  PeiiiiN.vlvania  No.  5. 

Size  as  shipped,  over  J  inch.    Size  a.s  used,  not  determine<!.    Duration  of  test.  SO  hours. 

A vcnige  eltK'tjical  horsepower 203. 0 

Average  U.  T.  V.  gas,  per  cubic  foot 149,  3 

Total  coal  flied pounds. .  12, 150 

COAL  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PER  HOUR). 


Per  electrical  horsepower: 

.\vailabl«  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  uaed  by  prwlucer  plant. 

Per  electrical  horae[)ower. 

Available  for  outside  purposes 

Developed  at  Switch  board 

Per  brake  horsepower: 

.\vn liable  for  outside  purposes 

lh'vclofM*d  ut  engine 


Test  59. 


Coal  as 
nred. 


1.28 
1.20 


1.09 
1.02 


1.37 
1.28 


1.16 
1.09 


)rycoal. 

Com- 
bustible. 

1.24 

1.14 

1.16 

1.06 

1.05 

.97 

.98 

.90 

1.32 

1.21 

1.24 

1.14 

1  12 

1.03 

1.05 

.97 

TESTS — PENNSYLVANIA. 
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Test  59. 

Coal. 
Moisture 

3.42 
32.73 

Volatile  matter 

Fixed  carbon 

56.  13 

Ash 

7.72 

Sulphur ' 

100.00 
.81 

Oa«  by  volume. 

Carbon  dioxide  (COt) 

CarlK)n  monoxide  (CO) 

Hydrogen  (Hj) 

Methane  (CH«) 

Nitrogen  (Nt) 


Test  51). 


9.6 
19.4 
12.7 

3.3 
55.0 

108.0 


WA8EIN0  TEST. 
Test  120,  Pennsylvania  No.  5. 

Size  as  shipped,  over  |  inch.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 
Raw  coal pounds . .  30, 920 


Washed  coal. 
Refuse. 


.do....  29,000 
.do....     1,920 


Test  120. 


Raw  coal. 


Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


2.46 
34.48 
57.01  I 

0.05 

.88 


Washed 
coal. 


4.91 


4.57 
.90 


coehio  tests. 


Test  25,  Pennsylvania  No.  5. 

Size  as  shipped,  over  ]  inch.    Size  as  used,  finely 
crushed.    Raw.    Duration  of  test,  62  hours. 

Coal  charged pounds . .  12, 000 

Coke  produced do 7,433 

Breeze  produced do 319 


Coke  produced percent..    61.94 

Breeze  produced do 2.66 

Total  percentage  yield 64.  (X) 

i2emarJl;«.— Light-gray  and  silvery  color.    Foun- 


Test  26,  Pennsylvania  No.  5,  washed. 

Size  as  shipped,  over  J  inch.    Size  as  used,  finely 
crushed.     Duration  of  test,  92  hours. 

Coal  charged peunds. .  13,000 

Coke  produced do 8,598 

Breeze  produced do 243 

Coke  produced percent..    66. 14 

Breeze  produced do —      1.86 

Total  percentage  yield 68. 00 

iSfwiarfc*.— Good,  strong  coke.    Foundry  coke 


dry  coke.    Good,  strong  coke.    High  yield  due  to     Physical  appearance  not  as  good  as  coke  from  raw 


deposited  carbon. 


coal.    Ash  reduced  by  washing. 


Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


1           Test  25. 

Tes 

Coal. 

Coke. 

Coal. 

2. 44 

0.49 

4.73 

34. 28 

.90 

34.29 

5<i.  76 

88.  (W 

.'i6.27 

6.52 

10.58 

4.71 

.97 

.79 

.94 

Coke. 


0.  Z\ 

1.19 

91.  (i3 

ft.  95 

.81 
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^PENNSYLVANIA  NO.  6. 

Bituminous  coal  from  Hustead-Seamens  mine,  Hustead-SeamensCoal  and  Coke  Company 
East  Millsboro,  Westmoreland  County,  Pa.,  on  the  Pennsylvania  Railroad. 

This  sample  was  run-of-mine  coal  and  was  loaded  under  the  supervision  of  Inspector  J.  W. 
Groves.  It  was  used  in  making  washing  test  No.  124,  coking  tests  Nos.  32,  34,  35,  38,  and 
41,  steaming  tests  Nos.  217  and  218,  and  producer-gas  tests  Nos.  66  and  70. 

Two  mine  samplas  were  taken  for  chemical  analysis.  No.  1968  was  cut  from  No.  5  butt 
entry,  900  feet  from  the  bottom  of  the  slope;  No.  1970  was  taken  in  No.  1  butt  entry,  1,300 
feet  north  of  the  bottom  of  the  slope. 

.  ,  OHEMIGAL  AKALTSE8. 


Laboratory  number. 
Air-drying  loss 


Moisture 

Volatile  matter 

Fixed  carbon 

JAsh 

[Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygim 

Calorific  value  determined: 

Calorics 

British  thermal  units. . . 


6. 


Mine  samples. 


19(i8 
2.90 

4.08 

32.44 

53.98 

9.50 

lAH 


1970 
1.50 

2.81 
33.88 
.S4.G8 
8.63 
2.00 


7.371 
13.2(« 


Car  samples. 


2161 
2.00 

3.24 

31.78 

52.46 

12.52 

1.94 

4.80 

71.41 

1.24 

&09 


2176 

2.40 

3.46 

31.80 

51. 74 

13.00 

1.9.T 

1.20 


7,155  I 
12,879  I 


8TEAMIN0  TESTS. 


Test  217,  Pennsylvania  No.  6. 


I 


Test  218,  Pennsylvania  No.  6. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch.  35.4  percent;  J  Inch  to  1  inch,  21,8  percent; 
i  inch  to  i  inch,  15  per  cent;  under  }  inch,  27.8 
pt»r  cent.  Duration  of  test,  9.9  hours.  Kind  of 
grate,  plain. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  2(i.4  percent;  J  inch  to  1  inch,  22.5  percent; 
J  inch  to  5  inch.  16.0  percent;  under  ]  inch, 34.5  per 
cent.  Duration  of  test,  9.96  hours.  Kind  of  grate, 
plain. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U.  pt^r  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do . . . 

Furnace  temperature « F . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212**  F.: 

Per  pound  of  coal  jis  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

EfhcioDcy  of  boiler,  including  grate per  cent. 


Test  217. 1  Test  21. s. 


13, 405  I 


13.271 


0.46 

0.49 

.13 

.17 

2,425 

2,251 

19.26 

16.65 

3.46 

3.12 

97.10 

87.4 

7.46 

7.74 

8.79 

9.11 

9.01 

9.37 

10.52 

10  94 

64.91 

68.18 

TESTS — PENNSYLVANIA. 
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Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  217. 

Test  218. 

3.22 

3.10 

a97 

3.83 

3.14 

3.02 

3.88 

a  72 

ANALYSES. 


Test  217. 


Proximate. 

Moisture '  2.  44 

Volatile  matter '  32. 98 

Fixed  carl>on ■  52.  48 

Ash 12.10 

100.00 

Sulphur 1.88 


Ultimate, 

Carbon  a 

Hydrogen  a 

Oxygen  a 

Nitrogen  a 

Sulphur 

Ash 


Test  217. 


Test  218. 


74.35 

7a  57 

4.62 

4.58 

5.41 

5.37 

1.29 

1.28 

1.93 

2.16 

12.40 

13.04 

100.00 


a  Figured  from  car  sample. 


PR0DUCER-OA8  TESTS. 


Test  66»  Pennsylvania  No.  6. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  45  percent;  \  inch  to  1  inch,  20  percent;  J 
inch  to  \  inch,  15 percent;  under i  inch,  20 percent. 
Duration  of  test,  47  hours. 

Average  electrical  horsepower 195. 3 

Average  B.  T.  U.  gas,  per  cubic  foot 126.  6 

Total  coal  fired pounds. .  13,000 


Test  70,  Pennsylvania  No.  6. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  65  percent;  J  inch  to  1  inch,  16  percent;  \ 
inch  to  \  inch,  7  percent;  under  \  inch,  12  percent. 
Duration  of  test,  50  hours. 

A  voragc  electrical  horsepower 194. 3 

Average  B.  T.  U.  gas.  per  cubic  foot 14f>.  4 

Total  coal  fired pounds..  11,251 


CX)AL  CONSUMED    IN    PRODUCER    (POUNDS    PER    HORSEPOWER    PER   HOUR). 


Test  66. 

Combus- 
tible. 

Test  70. 

Coal  as 
fired. 

Dry  coal. 

Com- 
bustible. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

1 

1.53            1.50 
1.42             1.39 

1.30            1.27 
1.20            1.18 

1.63             1.59 
1.51             1.48 

i 
1.38            1.35 
1.28            1.26 

i 

1.38 
1.28 

1.17 
1.09 

1.47 
1.36 

1  25 
1.16 

1.23 
1. 16 

1.04 
.99 

1.30 
1.23 

1.10 
1.04 

1.19 
1.13 

1.01 
.96 

1.26 
1.19 

1.07 
1.01 

1.05 
99 

Per  brake  horsepower: 

•V vailabic  for  outside  purposes 

Developed  at  engine 

.89 

84 

EqttivalerU  used  by  producer  plant. 

Per  electrical  horsepower: 

.Vvailable  for  outside  purposes 

Developed  at  switch  board 

l.U 

1  05 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

.94 
.89 
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OPERATIONS    OF    FUEL-TESTING    PLANT    IN    1905. 


ANALYSES. 


I  Test  66.     Test  70. 


Coal  I 

Moisture I  2. 15 

Volatile  matter '  35. 01 

Fixed  carbon 65. 18 

Asn I  7.(i6 

'■  100.00 

Sulphur 1. 60 


2.86  I 
ai.88 
53.35 
11.91 

100.00 
2.04 


Test  66. 


Oas  by  volume. 

Carbon  dioxide  (COj^ j 

Carbon  monoxide  (CO) | 

Hydrogen  (Ht) j 

Methane  (ClU) 

Nitrogen  (Nt) i 


10.0 
18.5 
12.1 
2.4 
57.0 

100.00 


Test  70. 


9.6 
19.2 
11.5 

3.0 

5<i.  7 

100.00 


WA8HIK0  TEST. 
TeHt  124,  FeutiHylvania  No.  6. 

Size  as  shipped,  nm  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  50, 000 

Washed  coal , do 43. 300 

Refuse do 6, 700 

ANALYSES. 


Test  124. 


r 


Moisture 

Volatile  matter 
Fixed  carbon.. 

Asli 

Sulphur 


Raw  coal. 

I 
3.24  I 

31.78  |. 

52.46  j. 

12.52  I 
1.94  I 


Washed 
coal. 


I 


4.31 


7.20 
1.47 


TESTS PENNSYLVANIA. 
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OOKINO  TESTS. 


Tent  3^,  PenniiylTttnltt  No.  6. 

Size  as  shipped,  run  of  mine.  Size  as  used,  finely 
crushed.    Raw.    Duration  of  test.  40  hours. 

Coal  charged pounds. .  10,000 

Coke  produced do 7,330 

Breeze  produced do 315 

Coke  produced per  cent. .    73. 30 

Breeze  produced do 3. 15 

Total  percentage  yield 7(i.  45 

Remarki.— Very  heavy  coke.  Silvery  color. 
Much  depo8it<Hl  carbon.  Conditions  of  oven 
must  have  l)een  practically  perfect  to  attain  the.se 
resulu.  • 

Test  34»  PennsylTanla  No.  6,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  finely 
crushed.    Duration  of  test,  45  hours. 

Coal  charged pounds . 

Coke  produced do. . . 

Breeze  produced do... 

Coke  produced percent..    (»9.05 

Breeze  produced do 2.  46 

Total  percentage  yield 71.  51 

iifrmariirj.— Light-gray  and  silvery  color.  Heavy 
coke,  hut  physically  not  as  gmxl  as  coke  from  raw 
coal.    Ash  and  sulphur  rediuv<l  by  washing. 

Test  35;  FeniiHylvatila  No.  O. 

Size  as  shipped,  run  of  mine.  Size  a.s  used,  finely 
crushed.    Raw.    Duration  of  test,  88  hours. 

Coal  chaiged iM)untls . .  12, 000 

Coke  pnviuciHi do 8.  t»4(i 

Breeze  produced do 295 


Coke  prtvluci»d per  cent. .    72. 05 

Breeze  produced do 2.  46 

Total  percentage  yield 74. 51 

i2«wiarl:*.— Light-gray  and  silvery  color.    Good 
heavy  coke.    Sulphur  and  ash  high. 

Test  .38,  IVnnNylvania  No.  G,  washed. 

Size  as  shipped,  run  of  mine.    Size  as  used,  finely 
crushed.    Duration  of  test,  86  hours. 

Coal  charged pounds. .  13.000 

Coke  produced do 8,927 

Breeze  produced do 373 


Coke  produced per  cent. .    68. 67 

Breeze  produced do 2. 87 

Total  percentage  yield 71.  54 

Remarks.— Light  gray  and  silvery.  Not  so 
good  as  coke  from  unwashed  coal  in  physical  ap- 
pearance.   .\sh  and  sulphur  reduced  by  washing. 

Test  41,  Pennsylvania  No.  G. 

Sizeasshippe<l.nmof  mine.  Size  as  used,  finely 
crushed.    Raw.     Duration  of  trst.  72  hours. 

Coal  charged ^.pounds. .  12.000 

Coke  produced do 8.743 

Breeze  produced do 364 

Coke  pro<luce<l per  cent. .     72. 80 

Breeze  produced do 3. 03 

Total  percentagi^  yield 75.  89 

/^fmarA-^.-Sirvery  color.  Very  heavy  coke,  but 
not  dense.  BnMikage  practically  jierfect,  large 
pitxi's.  Sulphur  and  ash  high.  High  yield  due  to 
<l<'pf»sited  carbon. 


ANALYSES. 


Test  :C.         j        Test  34.        j        Test ,'«.        j        Test  ;J8.        [        Test  4L 
Coal.   ,  Coke.      Coal.      Coke.      Coal.      Coke.      Coal.      Coke.  ,   Coal.   I  Coke. 


Moisture 3.22 

Volatile  matt*»r....     31.52 
Fixed  carbon 51 .  87 


Ash 

Sulphur. 


13.39 
2.10 


0.34 

.71 

82.31 

16.  (^ 

1.50 


6.58 

3.3.00 

52. 96 

7.46 

1.46 


I 


0.24 

S.64 

0.48 

4.21 

0.89 

2.53 

0.27 

.66 

32.01 

1.62 

33.40 

2. '26 

32.09 

1.26 

88.61 

51.  a3 

81.20 

65.21 

8(i.77 

53.21 

82.66 

10.49 

13.32 

16.70 

7.18 

10.08  , 

12.17 

15.81 

1.21 

1.93 

1.70 

1.51 

1.24  1 

1.78 

L52 

PENNSY>.VAMA  NO.  7. 

Bituminous  coal  from  Ligonicr  mine,  Old  Oolony  Coal  and  Coke  Company,  3  miles  north 
of  Ligonier,  Westmoreland  County,  Pa.,  on  the  Ligonicr  Valley  Railroad. 

Tliis  sample  consisted  of  run-of-mine  coal  and  was  loaded  under  the  supervision  of 
Inspector  J.  S.  Burrows.  The  following  tests  were  made  on  it:  Washing  test  No.  123, 
coking  tests  Nos.  30  and  33,  steaming  test  No.  198,  steaming  test  on  washed  coal  No.  199, 
and  producer-gas  test  No.  88. 

Two  mine  samples  were  taken  for  chemical  analysis  -No.  1994  from  room  3  off  the 
fourth  left  head  entry,  800  feet  from  drift  mouth,  and  No.  1995  from  room  3  off  sixth 
right  entry,  950  feet  froni  drift  mouth, 
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OEEMICAL  ANALYSES. 


La 
Ai 

S 
1 

Mine  samples. 

Car 
sample. 

iboratory  number 

1994 
2.40 

3.30 
23.03 
62.49 
11.18 

1995 
1.90 

2.78 
22.91 
61.58 
12. 73 

2154 

r-drylng  loss 

3.20 

[Moisture 

4.09 

Volatile  matter 

20.  «2 

Fixed  carbon 

02.82 

2 

J  Ash 

12.47 

Sulphur 

1.79            1.88 

2.08 

S 

Hydrogen 

4.73 

t 

C'arbon 

1 

72.78 

Nitrogen 

1 

1.50 

u 

Oxygen 

0.44 

Ca 

loriflc  value  determined: 
Calories 

7.432 
13.378 

7,307 

British  thermal  units 

13,153 

STEAMnrO  TESTS. 
Test  108,  Pennsylvania  No.  7.  Test  109,  Pennsylvania  No.  7,  watthed. 


Size  as  shipped,  nm  of  mine.  Size  as  used,  over 
1  Inch,  13.4  pi?recnt;  \  inch  to  1  inch,  10.7  x)ercent; 
\  Inch  to  \  inch,  18.9  percent;  under  \  inch,  51.0  per 
cent.  Duration  of  tt»8t,  10.03  hours.  Kind  of 
grate,  plain. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  Inch,  19.2  per  c«mt;  \  inch  lo  1  inch,  22.0  per  ctMit; 
J  inch  to  J  inch,  20.4  per  c<mt;  under  \  inch,38.4  per 
cent.  Duration  of  ttsst,  10.03  hours.  Kind  of 
grate,  plain. 


MISCELLANEOUS   ITEMS. 


Heating  value  of  coal B.  T.  U.  p(T  pound  dry  coal. . \ 

Force  of  draft:  ' 

Under  stack  damp^T Inch  water. . ' 

Above  fire do I 

Furnace  temperature °  F . . 

Dry  coal  used  per  square  foot  of  grate  surface  p(»r  hour pounds. .  I 

Equivalent  water  evaporated  per  squtire  foot  of  water-heating  surface  per  hour  I 
potmds ! j         3. 12 

Percentage  of  rated  horsepower  of  boiler  devtMoped i  87. 5 

Water  apparently  evaporated  p<»r  pound  of  coal  as  fired pounds.  .1  7. 55 

Water  evapoTaUni  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired do 8.87 

Per  pound  of  dry  coal do  —  |  9. 18 

Per  pound  of  conibu.stUile do I  10. 85 

Efficiency  of  boiler,  including  grate per  cent.  .|  04. 96 

Coal  as  fired :  I 

Per  indicated  horst)power  hour pounds.  J  3. 19 

Per  electrical  horsepower  hour do 3. 94 

Dry  coal: 

l^er  indicated  horsepower  hour do 3.08 

Per  electrical  horsepower  hour do i  3.80 


Test  198. 

Test  191». 

13,r»48 

13,828 

0.48 

0.39 

.10 

.12 

2.091 

2,230 

17.04 

10.74 

.1.16 
88.6 
7.64 

8.99 
9.44 
10.88 
65.93 

a  15 

ass 

3.00 

a  70 
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Test  1^8. 

Test  199. 

Test  198. 

Test  199. 

Proximate. 
IfoiBture 

3.45 
21.79 

G2.ao 

12.56 

4.80 
22.64 
61.62 
ia94 

Ultimate. 
Carbon  o. 

75.36 
4.42 
2.93 
1.55 
2.73 

laoi 

77.64 

Volatile  matter 

Hydrogen  « 

4.66 

Fixed  carbon 

Oxygen* 

3.00 

Aih 

Nitrogen  « 

1.60 

Sulphur 

1.70 

100.00 
2.63 

100.00 
1.62 

Ash 

11.50 

SolDliiir 

•  . 

100.00 

100.00 

»  Figured  from  car  sample. 

FB0DUGEB-0A8  TEST. 

Test  88»  Pennsylvania  No.  7. 

Sixe  as  shipped,  run  of  mine.    Size  as  used,  over  1  inch,  41  per  cent;  )  inch  to  1  inch,  16  percent; 
i  inch  to  i  inch,  15  per  cent;  under  \  inch,  28  per  cent.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 169. 9 

Average  B.  T.  U.  gas,  per  cubic  foot 139. 4 

Total  coal  fired pounds. .  13,350 

CX>AL  CONSUMED  IN   PRODUCER   ( POUNDS   PER   HORSEPOWER  PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  ejectrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  88. 


Coal  as 
fired. 


1.G8 
1.57 


1.42 
1.34 


.79 


1.52 
1.42 


Drr 
coal. 


ANALYSES. 


Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


1.62 
1.52 


1.37 
1.29 


1.72 
1.62 


1.47 
1.37 


Com- 
bustible. 


1.41 
1.32 


1.19 
1.12 


1.50 
1.41 


1.27 
1.19 


Test  88. 

Oat  by  volume. 
Carbon  dioxide  (COj) 

10.  S 

Carbon  monoxide  (CO) 

17.6 

Hvdrojten  (H») 

11.3 

Methane  (CH*) 

2.5 

Nitrogen  (Ni) 

68.5 

100.00 

Bull.  290-06 12 
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OPEBATION8    OF    FUEL-TESTING    PLANT    IN    1905. 


WA8HDI0  TEST. 
Test  123,  Pennsylvania  No.  7. 

Size  as  shipped,  ntn  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds..  32,000 

Washed  coal do. ...  27, 180 

Refuse do....    4,820 

ANALYSES. 


Test  123. 


Moisture 

Volatile  matter 
Fixed  carbon.., 

Ash 

Sulphur 


COOKO  TESTS. 


Test  30,  Pennsylvania  No.  7. 

Size  as  shipped,  run  of  mine.  Size  as  used, 
fineiy  crushed.  Raw.  Duration  of  test,  90 
hours. 

Coal  charged pounds. .  12, 000 

Goke  produced do 8,750 

Breeze  produced do :a5 

Coke  produced per  cent. .    72. 92 

Breeze  produced do 2.71 

Total  percentage  yield 76.<53  j 

Remarks.— GT&y     color.    Heavy     coke.    High   ' 
ash  and  sulphur.  ' 


Test  33,  Pennsylvania  No.  7,  washed. 

Size  as  shipped,  run  of  mine.    Size  as  used, 
finely  crushed.    Duration  of  test,  93  hours. 

Coal  charged pounds..  12,000 

Coke  produced do....    8,400 

Breeze  produced do 609 

Coke  produced percent..    70.00 

Breeze  produced do 4.24 

Total  percentage  yield 74.24 

Remarks.— Oray color.   Ileavycoke.  Very  little 
improved  by  washing. 


ANALYSES. 


Test  30. 

Test  33. 

i     Coal.     1     Coke. 

Coal. 

3.98 
23.32 
00.75 
11.95 

1.64 

Coke. 

Moisture 

1 
'          3.75 

0.46 
1.16 
82.39 
15.99 
1.87 

0.43 

Volatile  matter 

21.89 

1.84 

Fixed  carbon                     

1        62.04 

83.40 

Ash                    

1        12.32 

14.33 

Sulphur 

1          2.33 

1.42 

1 

PENNSYLVANIA  NO.  8. 

Bituminous  coal  from  mine  No.  3,  Pennsylvania  Coal  and  Coke  Company,  Ehrenfeld, 
Cambria  County,  Pa.,  on  the  Pennsylvania  Railroad. 

This  sample  consisted  of  run-of-min&  coal  and  was  loaded  under  the  supervision  of 
Inspector  J.  S.  Burrows.  The  following  tests  were  made  on  it:  Coking  test  No.  29,  steam- 
ing test  Nos.  236,  237,  238,  and  239,  steaming  test  on  dried  coal  No.  242,  and  producer-gas 
test  No.  63.  A  steaming  test  ( No.  245)  was  also  made  on  this  sample,  mixed  with  Virginia 
No.  4. 

Two  samples  for  chemical  analysis  were  taken  from  this  mine — No.  2014  from  the 
twenty-third  head  entry,  2J  miles  from  the  drift  mouth,  and  No.  2015  from  tHe  face  of  the 
main  entry,  2j  miles  from  the  drift  mouth. 
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Laboratory  number. 
Air-drying  loss 


Ifoisture 

VdaUle  matter.. 

Fixed  carbon 

(Ash 

|8ulpbur 

Hydrofpen 

Carbon 


a  Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  tbermal  units. . . 


Mine  samples. 


2014 

2015 

2.80 

2.20 

3.49 

3.09 

16.12 

16.66 

74.68 

74.79 

6.71 

5.46 

.95 

1.18 

8,064 
14,515 


Car 
sample. 


2152 
2.90 

3.51 
16.82 
73.04 

6.63 
.94 

4.56 
80.70 

1.26 

5.91 

7,933 
14,279 


STSAMIKO  TZ8T8. 


Teat  236,  Pennsylvania  No.  8. 

Siae  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch.  0.5  per  cent;  |  inch  to  1  inch,  13.6  per  cent; 
)  Inch  to  )  inch,  22.4  per  cent;  under }  inch,  57.5  per 
cent.  Duration  oftest,  9.88  hours.  Kind  of  grate, 
rocking. 

Tent  237,  Pennsylvania  No.  8. 

Sise  as  shipped ,  run  of  mine.  Size  as  used ,  over 
1  inch,  5.8  per  cent;  )  inch  to  1  inch.  12.3  per  cent; 
i  inch  to  i  inch,  19.5 percent;  under  i  inch,  62.4  per 
cent.  Duration  of  tost,  10  hours.  Kind  of  grate, 
rocking. 

Teat  238,  Pennsylvania  No.  8. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
I  inch,  5.4  per  cent;  }  inch  to  1  inch,  9.1  per  cent; 


\  inch  to)  inch,  14.9 percent;  under ^  inch, 70.6 per 
cent.  Duration  of  test,  10.02  hours.  Kind  of 
grate,  rocking. 

Test  239,  Pennsylvania  No.  8. 

Size  as  shipped ,  run  of  mine  Size  as  used ,  over 
1  inch,  4.4  per  cent;  }  inch  to  1  inch,  8.8  per  cent; 
{  inch  to  \  inch ,  16.2  per  cent;  under  J  inch,  70.6  per 
cent.  Duration  of  tost,  0.92  hours.  Kind  of 
grate,  rocking. 

Test  242,  Pennsylvania  No.  8. 

Size  as  shipped ,  run  of  mine.  Size  as  used ,  over 
1  inch,  2.0  per  cent;  |  inch  to  1  inch,  7.0  per  cent; 
I  inch  to  \  inch ,  14.5  per  cent;  under )  inch .  76.5  per 
cent.  Dried  coal.  Duration  of  test,  7.88  hours. 
Kind  of  grate,  plain. 


MISCTELLANROUS    ITEMS. 


Heating  value  of  coal  B.  T.  U.  per  pound  dry  coal. . 
Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do.. 

Furnace  temperature ®F. 

Dry  coal  used  per  square  foot  of  grate  surface  per 
hour pounds. 

Equivalent  water  evaporated  per  square  foot  of 
water-heating  surface  per  hour pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as 
fired pounds. 

Water  evaporated  from  and  at  212^  F.: 

Per  pound  of  coal  as  fired do . . . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efllciency  of  boiler,  including  grate per  cent . 


Test  23C. 

Test  237. 

Test  238. 
14,828 

Test  239. 

14,886 

14,868 

14,690 

0.43' 

0.45 

0.50 

0.63 

.15 

.16 

.17 

.19 

2,317 

2,266 

2,212 

15.74 

16.23 

15.60 

17.64 

2.93 

2.96 

2.93 

3.08 

82.0 

83.0 

82.1 

86.5 

8.51 

a27 

8.44 

7.98 

10.12 

9.85 

10.05 

9.52 

10.37 

10.17 

10.42 

9.75 

11.20 

11.02 

11.29 

10.71 

67.27 

66.06 

67.86 

64.10 

Test  242. 

14,650 

0.47 

.16 

2,059 

14.33 

2.92 
81.9 

8.52 

10.17 
10.22 
11.15 
67.19 
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MISCELLANEOUS  ITEMS — coutinued. 


' 

Test  23a 

Test  237. 

Test  238. 

Test  239. 

Test  242. 

Coal  as  fired: 

Per  indicated  horsepower  hour. . 

pounds. 

2.79 

2.87 

2.81 

2.97 

2.78 

Per  electrical  horsepower  hour. . . 

do.... 

3.45 

3.54 

3.47 

3.67 

3.43 

Dry  coal: 

Per  indicated  horaepower  hour. . 

do.... 

2.73 

2.78 

2.71 

2.90 

2.77 

Per  electrical  horsepower  hour. . . 

do.... 

3.37 

3.43 

3.35 

3.58 

3.41 

Proximate. 


Moisture 

Volatile  matter. . 

Fixed  carbon 

Ash 


Sulphur. 


Test  236.   Test  237.   Test  238.   Test  239.   Test  242. 


2.37 
16.74 
74.66 

6.23 


100.00 


3.11 
15.68 
74.93 

6.28 


100.00 


Ultimate. 


Carbon  a 

Hydrogen  a. 
Oxygon  «... 
Nitrogen  «.. 

Sulphur 

Ash 


84. 14 
4.34 
2.93  I 
1.31  I 
.90  ! 
6.38 


84.03 
4.35 
2.91 
1.31 
.92 
6.48 


3.56 
16.09 
73.85 

6.60 


100.00 
.87 


83.81 
4.33 
2.91 
1.31 
.90 
6.74 


2.44 
16.64 
73.69 

7.23 


100.00 
1.12 


82.98 
4.28 
2.89 
1.29 
1.15 
7.41 


100.00  I       100.00         100.00         100.00 


0.42 
17.51 
75.20 

6.87 


100.00 
1.01 


83.35 
4.15 
3.27 
1.32 
l.OI 
6.90 

100.00 


o  Figured  from  car  sample. 
PR0DUCER-OA8  TEST. 
Tefit  63,  Peimnylvaiiia  No.  K. 
Sire  as  shipped,  run  of  mine.    Sire  as  used,  not  determined.    Duration  of  test,  50  hours. 

Average  electrical  horsepower. 187. 9 

Average  B.  T.  U.  gas,  per  cubic  foot 133. 0 

Total  coal  finnl iwunds. .  1 1 ,  100 

COAL  CONSUMED   IN    PRODUCER    (POUNDS   PER   HORSEPOWER    PER   HOUR). 

Test  63. 


Per  electrical  horsepower: 

Available  for  outside  purposes. 

Developed  at  switch  board  .... 
Per  brake  horsepower: 

Available  for  outside  purposes. 

Developed  at  engine 


Equivalrnt  used  by  producer  plant. 


Per  electrical  horsepower: 

Available  for  outside  purposes. 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes. 

Developed  at  engine 


Coal  as     i)_„„oal  '  ^o"*^"-"- 
flrpd.       A^rycoai.      ^^j.. 


tlble. 


1.25 
1.18 


1.06 
1.00 


1.35 
1.28 


1.15 
1.09 


1.22 
1.15 


1.04 
.08 


1.32 
1.25 


1.12 
1.06 


1.13 
1.07 


.96 
.91 


1.22 
1.15 


1.04 
.98 
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Coal 

Moisture 

Volatile  matter 

Fixed  carbon 

Aah 

Sulphur 


Teat  63. 


2.40 
16.61 
73.70 

7.20 

100.00 
.91 


Oas  by  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) 

Hydrogen  (IIj) 

Methane  (CHO 

Nitrogen  (N,) 


Test  63. 


9.0 
18.7 
14.1 

2.2 
55.1 


100.0 


OOKIKO  TEST. 

Tent  29,  Pennsylvania  No.  8. 

Size  as  shipped,  run  of  mine.    Size  as  used,  finely  crushed.    Raw.    Durationof  test,  51  hours. 

Coal  charged pounds. .  10,000 

Coke  produced do....    5,223 

Breeze  produce:: do 1, 600 

Coke  produced per  cent. .    62. 23 

Breeze  produced do  —    16. 00 

Total  percentage  yield 68. 23 

Remarks.— Soft f  dense  coke.    Dull-gray  color.    Large  and  small  chunks.    Heavy  black  butt  on  coke. 
Hard  to  bum. 

ANALYSES. 


Test  20. 

Coal. 

Coke. 

Moisture 

3.32 
15.56 
74.20 
6.83 
1.12 

0.01 

Volatile  matter 

2.16 

Fixed  carbon 

88.09 

Ash 

7.04 

Sulphur 

.01 

PENNSYLVANIA   NO.  9. 

Bituminous  coal  from  Kimmelton  mine,  Reading  Iron  Company,  Kimmelton,  Somerset 
County,  Pa.,  on  the  Baltimore  and  Ohio  Railroad. 

This  sample,  which  was  loaded  under  the  supervision  of  Inspector  W.  J.  Von  Borries, 
consisted  of  run-of-mine  coal,  and  was  used  in  making  washing  test  No.  126  and  coking 
tests  Nofl.  37,  39,  42,  and  56. 

Two  mine  samples  were  taken  for  chemical  analysis,  as  follows:  No.  2016  from  the 
second  head  entry  off  the  sixth  right  entry,  3,200  feet  south  of  the  drift  mouth,  and  No. 
2017  from  the  eighth  left  entry,  3,000  feet  southeast  of  the  drift  mouth. 
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OEEKIOAL  ANALYSES. 


Mine  samples. 


Car 

sample. 


Laboratory  number. 
Air-drying  loss 


Moisture 

Volatile  matter 

Fixed  carbon 

(Ash 

[Sulphur 

Hydrogen 

Carbon 

Nitrogen , 

Oxygen 

Calorific  value  determined: 

Calories  

British  thermal  units. . 


2016 
1.80 

2.63 
16.22 
70.94 
10.21 

2.05 


7,614 
13,705 


2017 
3.20 

3.00 
14.64 
73.13 
8.33 
1.76 


2199 
2.60 

3.09 
17.29 
68.29 
11.33 
2.04 
4.19 
75.40 
1.25 
5.79 

7,458 
13,424 


WASEIirO  TEST. 
Test  126,  Pennsylvania  No.'o. 

Size  as  shipped,  run  of  mine.    Sise  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds..  12,000 

Washed  coal .do 9,700 

Refuse do....    2,300 

ANALYSES. 


Test  126. 

Raw  coal. 

Washed 
coal. 

Moisture -..-.. 

3.09 
17.29 
68.29 
11.33 

2.04 

4  58 

Volatile  matter ...-.•. . .-. 

Fixed  carbon 

Ash 

8  75 

Sulphur 

1.24 
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OOOKO  TESTS. 


Test  37,  Pennsylranltt  No.  0. 


Size  as  shipped,  run  of  mine.  Size  as  used, 
finely  crushed.    Raw.    Duration  of  test,  45  hours. 

Coal  charged pounds. .  7,000 

Coke  produced,  few  pieces. 

Remarks.— Vew  pieces  of  dull  coke  obtained, 
and  analysis  was  made  from  these.  The  amount 
was  too  small  to  calculate  as  percentage  yield  of 
coke. 

Test  39,  PennsylTttnIa  No.  0. 

Size  as  shipped,  run  of  mine.  Size  as  used, 
finely  crushed.    Raw.    Duration  of  test,  66  hours. 

Coal  chained pounds. .  8,000 

Coke  produced,  few  pieces. 

Remark9.—Th\a  was  the  second  test  on  this  coal 
and  a  few  pieces  were  obtained.  Result  war- 
ranted another  trial  after  washing. 

Test  48,  Pennsylranla  No.  0,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used, 
finely  crushed.    Duration  of  test.  51  hours. 

Coal  charged pounds. .  8,000 

Coke  produced .  ^ do....  5,600 

Breeze  produced do 801 


Coke  produced percent..  70.00 

Breeze  produced do 10. 01 

Total  percentage  yield 80.01 

iJ^roar**.— This  was  the  third  trial  on  this  coal. 
The  other  two  charges  were  raw,  and  succeeded 
in  getting  only  a  few  pieces  of  coke.  Washing  re- 
duced sulphur  and  ash.  Coke  was  dull-gray  in 
color.  Breaks  badly  into  small  pieces,  and  breeze 
content  very  large. 

Test  56,  Pennsylvania  No.  9.  . 

Size  as  shipped,  run  of  mine.  Size  as  used, 
finely  crushed.  Raw,  with  5  per  cent  pitch.  Du- 
ration of  test,  38  hours. 

Coal  charged pounds. .  8,000 

Coke  produced do 5,300 

Breeze  produced do 405 

Coke  produced per  cent . .  6&  25 

Breeze  produced do 6. 10 


Total  percentage  yield 72;  44 

/Jemarit*.— Dull-gray  color.  Poor  soft  coke. 
Quality  not  so  good  as  coke  from  washed  coal. 
Ash  and  sulphur  higher. 


ANALYSES. 


Test  37. 

Test  39. 
Coal. 

2.86 
16.24 
68.60 
12.39 

2.14 

Test  42. 

Test  56. 

Coal. 

Coke. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture 

3.26 
16.18 
60.44 
11.12 

1.90 

0.70 

1.05 

84.92 

13.33 

1.53 

4.55 
17.50 

0.54 

1    91 

2.60 
17.92 
60.36 
10.12 

1.80 

0.72 

Volatile  matter        

61 

Fixed  carbon 

68.80  !        86.84 
9.06  1        11.41 
1.39            1.06 

86.02 

Ash 

12.65 

Sulphur 

1.53 

PENNSYLVANIA  NO.  lO. 

Bituminous  coal  from  Bertha  mine,  Pittsburg-Buffalo  Coal  Company,  Bruce,  Allegheny 
.County,  Pa.,  on  the  Baltimore  and  Ohio  Railroad. 

This  sample  consisted  of  "  three-fourths,  inch  coal."  It  was  loaded  under  the  super- 
vision of  Inspector  W.  J.  Von  Borries,  and  was  used  in  making  coking  tests  Nos.  47  and  53, 
steaming  tests  Nos.  227,  228,  and  229,  and  producer-gas  test  No.  71. 

Two  mine  samples  were  taken  for  chemical  analysis,  as  follows:  No.  2080  from  No  1 
face  entry  off  No.  1  butt  entry,  5,000  feet  from  the  drift  mouth,  and  No.  2081  from  the  third 
face  entry,  900  feet  from  the  drift  mouth. 
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OHEXICAL  AKALT8E8. 


laboratory  number . 
Air-drying  loss 


Moisture 

Volatile  matter 

Fixed  carbon 

(Ash , 

|0ulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorifio  value  determined : 

Calories 

British  thermal  units  . . 


Mine  samples. 


2080 
1.80 

3.67 

34.03 

56.84 

5.46 

1.37 


7,708 
13,874  ! 


2061 
2.20 

4.08 

34.41 

56.19 

5.32 

1.31 


Car 

sample. 


2229 
1.30 

2.61 

34.92 

56.30 

6.17 

1.26 

5.21 

77.14 

1.57 

8.65 

7,776 
13,997 


BTEAIOHO  TESTS. 


Tent  227,  Pennsylvania  No.  10. 

Size  as  shipped,  over  }  inch.  Site  as  used,  over 
1  bich,  22.8  per  cent;  )  inch  to  1  inch,  23.2  per  cent; 
i  inch  to  }  inch,  18.5  per  cent;  under  i  inch,  35.5 
percent.  Duration  of  test.  10.0  hours.  Kind  of 
grate,  rocking. 

Test  228,  Pennsylvania  No.  10. 

Size  as  shipped,  over  }  inch.  Size  as  used,  o>fer 
1  inch,  33.0  percent;  i  inch  to  1  inch,  18.7  per  cent; 


i  inch  to  I  inch,  15.8  per  cent;  under  ^  inch.  41.6 
per  cent.  Duration  of  test,  9.97  hours.  Kind  of 
grate,  rocking. 

Test  229,  Pennsylvania  No.  10. 

Size  as  shipped,  over  }  inch.  Size  as  used,  over 
1  inch,  27.4  per  cent;  }  inch  to  1  inch,  21.7  percent; 
i  inch  to  I  inch,  16.7  per  cent;  under  }  inch,  34.2 
per  cent.  Duration  of  test,  10.0  hours.  Kind  of 
grate,  rocking. 


MISCELLANEOUS    ITEMS. 


Test  227. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal.. 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  terajjerature ° F . . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds.. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds. . 

Percentage  ©f  rated  horsepower  of  boiler  develope<l 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Effisiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds.. 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  iBdic/)ted  horsepower  hour do 

Per  electrieal  horsepower  hour do 


0.52 
.16 


19.07 

3.46 
97.0 
8.28 

9.80 
10.12 
11.03 
68.15 

2.89 
3.56 

2.79 
3.45 


Test  228. 


14,324 

0.48 

.16 

2,329 

17.80 

3.23 
90.7 
8.35 

9.85 
10.14 
11.09 


2.87 
3.55 


2.71 
3.44 


Test  229. 


14,4:U 

0.56 

.15 

2,445 

21.73 

3.78 
105.9 
7.94 


10.49 
64.84 


2.99 
3.69 


2.92 
3.61 
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ANALYSES. 


• 

Test  227. 

Test  228. 

Test  229. 

Test  227. 

79.03 
5.05 
6.46 
1.61 
1.37 
6.48 

100.00 

Test  228. 

Test  229. 

Moisture.  . 

3.13 
34.84 
55.75 

6.28 

2.88 
34.76 
55.98 

6.38 

2.29 
35.93 
55.87 

5.91 

UUimatr. 
Carbon  <» 

78.92 
5.04 
6.47 
1.61 
1   io 

79.53 

Volatile  matter 

Fixed  carbon 

Hydrogen  a 

Oxygen  o 

5.08 
6.51 

Ash.. 

Nitrogen  a 

1.62 

100.00 
1.33 

100.00 
1.35 

100.00 
1.18 

Ash 

6.57  '            6.05 

Sulphur 

100.00           100.00 

a  Figured  from  car  saniplo. 

PR0DVCER-OA8  TEST 

Tent  71,  PennitylvanlH  No.  10. 

Size  as  shipped,  over  |  inch.    Size  aa  used,  not  determined.     Duration  of  teat,  50  hours. 

Average  electrical  horsepower 196. 3 

Average  B.T.  U.gas,  per  cubic  foot 150.5 

Total  coal  fired,  pounds 12, 30D 

COAL  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PER  UOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

A vailable  for  outside  purposes 

Developed  at  engine 

EquitaUnt  used  by  producer  plant. 
Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  71. 


Coal  as 
flred. 


coal. 

Com- 
bustible. 

1.28 

1.17 

1.22 

1.11 

1.09 

0.99 

1.04 

0.95 

1.35 

1.23 

1.28 

1.17 

1.14 

1.04 

1.09 

0.99 

ANALYSES. 


CoaL 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  71. 


2.77 

33.94 

54.84 

8.45 

100.00 

1.37 

Oas  by  volume. 

Carbon  dioxide  (COi) 

Carbon  monoxide  (CO) 

Hydrogen  (Hi) 

Methane  (CH«) 

Nitrogen  (Ni) 


Teat  71. 


9.2 
20.4 
13.8 

3.4 
53.2 


100.0 
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OOKIKO  TESTS. 


Test  47.  Pennsylvania  No.  10. 

Size  as  shipped,  f    inch.     Size   as   used,  not 
crushed.    Raw.    Duration  of  test,  4S  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 7, 400 

Breeze  produced do 340 

Coke  produced per  cent. .    61. 67 

Breeze  produced do 2.83 


Total  percentage  yield 64. 50 

i2emarl:<.— Light-gray  and  silvery  color.  Some- 
what brittle.  Large-cell  structure.  Good  fur- 
nace coke. 


Test  53,  Pennsylvania  No.  10. 

Size  as  shipped,  over  ]  inch.    Size  as  used,  finely 
crushed.    Raw.    Duration  of  test,  47  hours. 

Coal  charged pounds. .  12, 000 

Coke  produced do 8, 322 

Breeze  produced do 268 

Coke  produced per  cent . .    69. 35 

Breeze  produced do 2. 23 


Total  percentage  yield 71. 58 

Remarks.— Light  gray  and  silvery.  Breakage 
poor;  small  pieces.  Good  furnace  coke.  High 
yield  due  to  deposited  carbon. 


ANALYSES. 


Test  47. 
Coal.         Coke. 


Moisture 

Volatile  matter 
Fixed  carbon . . . 

Ash 

Sulphur 


2.56 

34.80 

56.81 

5.83 

1.25 


0.30 
1.14 
90.40 
8.07 
1.00 


Test  53. 


Coal. 


2.73 

35.41 

55.56 

6.28 

L36 


Coke. 


0.36 
1.14 
89.93 
8.57 
1.05 


VniGINIA  NO.  1. 

Bituminous  coal  from  II.  C.  Morris  prospect,  Interstate  Investment  Company,  Crab 
Orchard,  Lee  County,  Va.,  about  7  miles  from  the  Louisville  and  Nashville  Railroad. 

This  sample,  which  might  be  designated  run-of-mine  coal,  was  taken  from  a  small  pros- 
pect hole  or  C/Ountry  bank  and  was  hauled  in  wagons,  under  the  supervision  of  Inspector 
J.  S.  Burrows,  to  the  railroad.  It.  was  used  in  making  coking  tests  Noe.  64,  65,  67,  68, 
and  77,  steaming  tests  Nos.  281  and  282,  and  producer-gas  test  No.  77. 

Three  mine  samples  were  taken  for  chemical  analysis  at  this  point.  No.  2246  was  cut 
from  the  entire  seam  of  the  left  rib  of  the  drift,  29  feet  from  the  outcrop;  No:  2268  was 
cut  from  the  lower  bench  at  the  face  of  the  drift;  No.  2269  was  cut  from  the  upper  ben(!h 
at  the  face  of  ther  drift. 

OHEHICAL  AKALTSS8. 


Mine  sanipU 

JS. 

4.40 

6.55 
33.51 
55.54 

4.40 
.80 

Car 

sample. 

La 
Ai 

i 

iboratory  number.         .        .                                      .          .  . 

2246 
2.60 

4.72 

34.21 

50.44 

4.63 

2.  .55 

22<i8 
4.20 

5.69 
34.^43 
61.*77 
8.11 
2.31 

2420 

r-drying  loss 

2.40 

Moisture. 

4.06 

Volatile  matter      ...                                   .          .  . 

34  93 

Fixed  carbon 

56.28 

Ah 

J  Ash 

4.73 

[[Sulphur 

1.20 

S 

Hydrogen             

5.32 

5 

Carbon 

•       ■    •    |-    ■    ■ 

76.59 

Nitrogen 

■■■     ■    •[    

1.24 

Oxygen 

!..!!^'.'..i.. .'..'.'  ..".T !.'.'.'.".... 

10.92 

Ca 

lorific  value  determined: 
Calories '. .. . 

1 

7,287 
13,117 

7,681 
13,826 

British  thermal  units                                        .        .  .". 
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BTSAXniO  TESTS. 


Test  281»  Virginia  No.  1. 


8Ue  aa  ahipped,  ran  of  mine.  Size  as  used,  over 
1  inch,  30  per  cent;  \  incli  to  1  inch,  21.3  per  cent; 
i  inch  to  }  inch,  17.5  i>er  cent;  under  I  inch,  31.2 
per  cent.  Duration  of  test,  9.75  hours.  Kind  of 
grate,  rocking. 


Test  28S,  Virginia  No.  1. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  25.4  per  cent;  ^  inch  to  1  inch,  21.6  per  cent; 
{  inch  to  i  inch,  19.4  per  cent;  under  \  inch,  33.6 
per  cent.  Duration  of  test,  9.83  hours.  Kind  of 
grate,  rocking. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Furnace  temperature *F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  flrod pounds. 

Water  evaporated  from  and  at  212<*  F. : 

Per  pound  of  coai  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do 

EfDciency  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  281. 

Test2R2. 

14,281 

14,198 

0.41 

0.38 

.14 

.11 

2,637 

2,542 

18.35 

18.67 

3.29 

3.29 

92.2 

92.3 

7.95 

7.82 

9.y. 

9.39 

10.01 

9.89 

10.78 

10.72 

67.09 

67.27 

2.96 

3.01 

3.66 

3.72 

2.82 

2.86 

3.49 

3.53 

PrtKeintaU. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur '. 


Test  281. 


4.62 
33.85 
55.92 

5.61 


100.00 
1.08 


Test  282. 


5.05 
32.82 
56.05 

6.08 


100.00 
1.09 


XJUimaU. 

Carbon o 

Hydrogcna 

Oxygen  « 

Nitrogen  « 

Sulphur 

Ash 


Test  281. 

Test  282. 

79.12 

78.67 

5.03 

5.00 

7.56 

7.50 

1.28 

1.28 

1.13 

1.15 

5.88 

6.40 

100.00 

100.00 

«  Figured  from  car  sample. 
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FB0DV0ER-OA8  TEST. 
Te«t  77,  Virginia  No.  1. 

Size  as  shipped,  run  of  mine.    Size  as  used,  not  determined.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 196. 2 

Average  B.  T.  U. gas,  per  cubic  foot 164. 4 

Total  coal  fired,  pounds 14, 100 

CJOAL  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PER  HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

EquivalerU  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  (or  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  77. 


Coal  as     Tv-_--.„i       Com- 
flred.       l^'T^'oaJ-  bustible. 


1.51 
1.44 


1.29 
1.22 


1.61 
1.53 


1.37 
1.30 


1.43 
1.35 


1.21 
1.15 


1.52 
1.44 


1.29 
1.23 


1.33 
1.26 


1.13 
1.07 


1.42 
1.34 


1.20 
1.14 


ANALYSES. 


Coal. 


Moisture 

Volatile  matter. 
Fixed  carbon . . . 
Ash 


Sulphur. 


Test  77. 


5.72 
31.93 
55.91 

6.44 

100.00 
1.08 


Oat  by  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (Hi) 

Methane  (CUO 

Nitrogen  (Nf) 


Test  77. 


10.0 
19.7 
14.9 
3.6 
51.8 


100.0 
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OOKnrO  TE8T8. 


Test  64,  TirsinU  No.  1. 


Size  AS  shipped,  run  of  mine.    Size  aa  used,  finely 
crashed.    Raw.    Duration  of  test,  71  hours. 

Coal  charged pounds. .  14, 000 

Coke  produced do 9, 079 

Breeze  produced do 415 

Coke  produced per  cent. .    64. 85 

Breeze  produced do 2. 96 


Total  percentage  yield 67. 81 

Remarks.— Light    gray.    Hard    heavy    coke. 
Hi^  yield  due  to  deposited  carbon. 

Test  65,  Virgrlnia  No.  1. 

Size  as  shipped,  run  of  mine.    Size  as  used, 
finely  crashed.    Raw.    Duration  of  test,  36  hours. 

Coal  charged pounds. .  10,000 

Coke  produced do 6, 811 

Breeze  produced do 258 

Coke  produced per  cent . .    68. 11 

Breeze  produced do 2. 58 


Total  percentage  yield 70.69 

Remarks.— Light    gray    and    silvery.      Good 
heavy  coke.    High  yield  due  to  deposited  carbon. 

Test  67,  Virgrlnia  No.  1. 

Size  as  shipped,  run  of  mine.    Size  as  used,  not 
crashed.    Raw.    Duration  of  test,  36  hours. 

Coal  charged pounds. .  10,000 

Coke  produced do 5, 879 

Breeze  produced do 424 

Coke  produced per  cent. .    58. 79 

Breeze  produced do 4. 24 


Total  percentage  yield 63. 03 


Remarks.— Light  gray  and  silvery.  Coke  not  so 
good  as  that  from  ground  charge.  Cross  breakage 
increased  and  breeze  much  larger,  but  good  coke. 
Results  would  justify  installation  of  disintegrat- 
ing machinery.  High  yield  due  to  deposited 
carbon. 

Test  68,  VirsinU  No.  1. 

Size  as  shipped,  ran  of  mine.  Size  as  used  not 
crashed.    Raw.    Duration  of  test,  67  hours. 

Coal  charged pounds. .  14,000 

Coke  produced do 8, 596 

Breeze  produced do 590 

Coke  produced per  cent. .    61. 40 

Breeze  produced do 4. 21 


Total  percentage  yield 65. 61 

Remarks.— Light  gray  and  silvery.  Large  per- 
centage of  breeze  due  to  not  grinding  coal  before 
charging.  Loss  by  breakage  also  increased  from 
same  causf.  Good  hard  heavy  coke.  High  yield 
due  to  deposited  carbon. 

Test  77,  TIrginia  No.  1. 

Size  as  shipped,  ran  of  mine.  Size  as  used, 
finely  crushed.    Raw.    Duration  of  test,  65  hours. 

Coal  charged pounds. .  14, 000 

Coke  produced do 9,506 

Breeze  produced do 314 

Coke  produced per  cent. .    67. 90 

Breeze  produced do 2. 24 

Total  percentage  yield 70.14 

Remarks.— Light  gray  and  silvery.  Good  hard 
heavy  coke.    High  3rield  due  to  deposited  carbon. 


ANALYSES. 


Test  64. 


Coal.      Coke. 


Moisture 

Volatile  matter. 
Fixed  carbon . . . 

Ash 

Sulphur 


5.70 
32.52 
56.15 

5.63 
.98 


1.52 


89.20 
8.29 


Test  65. 
Coal.      Coke. 


4.44 

33.44 

56.27 

5.85 

1.13 


1.23 

1.67 

89.24 

7.86 

.94 


Test  67. 

Test  68. 

Test  77. 

Coal. 

Coke. 

Coal. 
4.82 

Coke. 

Coal. 

Coke. 

4.95 

0.21 

0.30 

4.40 

0.20 

34.21 

.89 

33.21 

1.16 

35.09 

.80 

55.86 

90.99 

56.95 

90.85 

55.24 

9L52 

4.98 

7.91 

5.02 

7.09 

5.27 

7.48 

1.12 

1.01 

1.10 

.97 

1.05 

1.02 

VIRGINIA  NO.  2. 

Bituminous  coal  from  the  "big  opening"  on  Wilson  farm,  Interstate  Investment  Com- 
pany, near  Crab  Orchard,  Lee  County,  Va.,  about  7  miles  from  the  Louisville  and  Nashville 
Railroad. 

This  sample,  which  was  run  of  mine,  was  loaded  in  wagons  and  hauled  to  the  railroad 
under  the  supervision  of  Inspector  J.  S.  Burrows.  It  was  used  for  washing  test  No.  134, 
coking  tests  Nos.  63,  69,  and  70;  steaming  tests  Nos.  247,  251,  256,  and  258,  steaming 
test  on  washed  coal  No.  260,  and  produc«r-gas  test  No.  78. 

Two  mine  samples  were  taken  in  this  opening  for  chemical  analysis.  No.  2248  was 
taken  from  the  upper  bench  at  the  fac«  of  the  opening,  75  feet  from  the  outcrop;  No.  2249 
was  taken  from  the  lower  bench  at  the  same  location. 


lyO  OPERATIONS    OK   FUEL-TESTING   PLANT   IN    1»05. 

OHEMIOAL  AKALT8B8. 


Laboratory  number. 
Air-drying  loss 


Moisture 

Volatile  matter. 
Fixt»d  carbon — 
[Ash 


ISulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


Mine  samples. 


2248 
1.90 

3.90 
34.06 
56.96 

5.06 
.90 


2249 
5.00 

6.80 
33.01 
58.26 

1.93 


Car 
sample. 


2476 
1.90 

3.35 
35.13 
55.94 

5.58 
.92 

5.19 
77.02 

1.42 

«.87 

7,740 
13,932 


BTEAIOHO  TESTS. 


Test  M7,  Tiririnia  No.  2. 


Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  49.6  i>er  cent;  ^  inch  to  1  inch,  23  per  cent:  i 
inch  to  i  inch,  12.4  per  cent:  under  \  inch,  15  per 
cent.  Duration  of  test.  8  hours.  Kind  of  grate, 
plain. 

Test  S51»  VIrfirinIa  No.  S. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  45  per  cent,  ^  inch  to  1  inch,  18  per  cent;  } 
inch  to  J  mch,  13.4  per  cent,  under  J  inch  23.6  per 
cent.  Duration  of  tost,  8  hours.  Kind  of  grate, 
plain. 

TeHt  256,  Virginia  No.  2. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  28.9  percent,  i  inch  to  1  inch,  18.9  percent; 
i  inch  to  i  inch,  15  per  cent,  under  \  inch.  37.2  per 


I  cent.    Duration  of  test,  8.43  hours.    Kind  of  grate, 
rocking. 

Test  258,  Viiylnia  No.  2. 

Size  as  shipi>ed,  run  of  mine.  Size  as  used,  over 
1  inch,  31.8  per  cent;  \  inch  to  1  inch,  19  per  cent; 
i  inch  to  I  inch,  16.9  per  cent;  under  \  inch,  32.3 
per  cent.  Test  run  on  an  ordinary  Frost  fire-tube 
boiler.  Duration  of  test,  7  hours.  Kind  of  grate, 
rocking. 

Test  200,  Vlri^nla  No.  2,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch  49.5  per  cent;  }  inch  to  1  inch,  23.3  per 
cent,  4  inch  to  ^  inch,  12.6  per  cent;  under  }  inch, 
14.6  percent.  Duration  of  test,  9.87  hours.  Kind 
of  grate,  rocking. 
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Heating  value  of  coal..B.  T.  U.  per  pound  dry  coal. . 
Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Furnace  temperature ®F. 

Drv  coal  used  per  square  foot  of  grate  surface  per 
hour pounds 

Equivalent  water  evaporated  per  square  foot  of 
water-beating  surface  per  bour pounds. 

Percentage  of  rated  borsepower  of  boiler  developed 
Water  apparently  evaporated  per  pound  of  coal  as 

fired pounds, 

Water  evaporated  from  and  at  212*'  F.: 

P^r  pound  of  coal  as  fired do . . 

Per  pound  of  dry  coal do. . 

Per  pound  of  combustible do. . 

Efficiency  of  boiler,  including  grate per  cent 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  borsepower  bour do. . 

Dry  coal: 

Per  indicated  horsepower  bour do. . 

Per  electrical  horsepower  bour do. . 


Test  247. 

Test  251. 

14,443 

14,285 

0.44 

0.41 

.10 

.10 

2,. 548 

2,515 

18.52 

17.71 

3.71 

3.41 

104.0 

95.60 

8.21 

7.82 

9.76 

9.32 

10.02 

9.65 

10.74 

10.45 

67.00 

65.24 

2.90 

3.03 

3.58 

3.75 

2.82 

2.93 

3.48 

3.62 

Test  256.   Test  258.   Test  260. 


14,317 


3.13 


2.96 
3.65 


14,497 

a  34 

.13 

2,671 

18.02 

3.13 

87.7 
7.79 


9.35 
9.68 
10.38 
64.48 

3.02 
3.73 

2.92 

3.61 


a  Too  low  for  pyrometer. 


6  Approximately. 


ANALYSE8. 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

A-i 

Sulphur 

Ultimalt. 

Carbon  a 

Hydrogen  a 

Oxygen  o 

Nitrogen  o 

Sulphur 

Ash 


Test  247. 


2.56 
35.34 
5il  72 

5.38 

100.00 


Test  251. 


3.37 
33.75 
56.41 

6.47 

100.00 


7i».8(i 
5.01 
7.12 
1.48 
1.01 
5.52 

100.00 


79.00 
4.95 
7.04 
1.46 
.85 
6.70 


100.00 


Test  256.  j  Test  258.   Test  260. 


4.22 
33.48 
56.11 

6.19 

100.00 
.82 


79.18 
4.96 
7.08 
1.46 
.86 
6.46 


100.00 


3.60 
33.56 
56.23 

6.61 


100.00 

.a5 


78.82 
4.04 
7.05 
1.45 
.88 
6.86 


3.34 
36.14 
56.04 

4.48 

loaoo 

.85 


80.74 
5.05 
7.21 
L49 
.88 
4.63 


100.00 


a  Figured  from  car  sample. 


192  OPERATIONS    OF   FUEL-TESTING   PLANT   IN    1905. 

PRODVOEX-OAB  TEST. 
Tent  78,  Vliylnla  No.  2. 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  1  inch,  74  per  cent;  i  inch  to  1  inch  11  percent;  \  inch 
to  i  inch,  6  per  cent;  under  I  inch,  9  per  cent.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 197. 5 

Average  B.  T.  U.  gas,  per  cubic  foot Ifl9.0 

Total  coal  fired ,  pounds 12, 950 

CX>AL   tX3N8UMED   IN    PRODUCER   (POUNDS   PER  HORSEPOWER   PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes* 

Developed  at  engine 


Test  78. 


Coal  as 
fired. 

Dry  coal. 

Com- 
bustible. 

1.39 

1.36 

1.26 

1.31 

1.28 

1.20 

1.18 

1.15 

1.09 

1.11 

1.09 

1.02 

1.47 

1.43 

1.35 

1.38 

1.35 

1.27 

1.25 

1.22 

1.14 

1.17 

1.15 

l.«8 

ANALYSES. 


Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  78. 


2.36 
36.40 
55.44 

5.80 

100.00 
.67 


Oas  by  volume. 

Carbon  dioxide  (COt) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (Ui) 

Methane  (CIIO 

Nitrogen  (N,) 


Test  78. 


K2 
22.  Z 
13.0 

3.5 
53.0 

100.0 


WASHING  TEST. 
T«»t   1:14,  Virginia  No.  2. 

Size  as  shipped,  run  of  mine.    Size  as  ua*^d,  crushed  to  2  inches.    Jig  :iscd,  Stewart  modified. 

Raw  coal pounds. .  28,000 

Washed  coal do....  24,550 

Refust; do 3,450 
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ANALYSES. 


Test  134. 


Moisture 

Volatile  matter 
Fixed  carbon. . . 

A»h 

Soipfaar 


Test  63,  Virfirinla  No.  S. 


OOmrO  TE8T8. 


Sice  as  shipped,  run  of  mine.  Size  as  used,  finely 
crushed.    Raw.    Duration  of  test,  51  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 7,518 

Breeze  produced do 201 

Coke  produced per  cent. .    62. 65 

Breeze  produced do 2. 43 

Total  percentage  yield 65. 08 

Remarks.— Light  gray  and  silvery.  Good  foun- 
dry coke.  Large  draft,  giving  more  intense  heat, 
would  probably  give  better  coke.  Used  small 
draft  at  first  to  hold  charge  as  long  as  possible. 

Test  69,  Virginia  No.  2. 

Biae  as  shipped,  run  of  mine.  Size  as  used,  not 
crushed.    Raw.    Duration  of  test,  48  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 7,314 

Breeae  produced do 433 

Coke  produced percent..    60.95 

Breeae  produced do 3.61 

Total  percentage  yield 64. 56 


t'est  60,  Vlrflflnla  No.  2— Continued. 

Remarks.— Light  gray  and  silvery.  Good  heavy 
coke.  Breeze  content  large,  due  te  not  grinding 
coal.  Not  as  good  as  coke  from  ground  charge. 
High  yield  due  to  deposited  carbon. 

Test  70,  Virginia  No.  2,  washe<1. 

Size  as  shipped,  run  of  mine.  Size  as  used, 
finely  crushed.    Duration  of  est,  40  hours. 

Coal  charged pounds. .  10,000 

Coke  produced do 6,096 

Breeze  produced do 294 

Coke  produced per  cent. .    60. 90 

Breeze  produced do 2. 94 

Total  percentage  yield 63. 90 

/2eniarii;«.— Light  gray  and  silvery.  Good  hard 
coke.  Washing  does  not  improve  coke  enough  to 
warrant  the  expense.  High  yield  due  to  depos- 
ited carbon. 


ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon... 

Ash 

Sulphur 


Test  63. 

Test  60. 

Test  70. 

Coal. 

Coke. 

Coal. 

C^kc. 

Coal. 

Coke. 

3.88 

0.25 

3.86 

0.60 

5.96 

0.45 

34.11 

1.08 

34.13 

.93 

34.17 

1.23 

57.01 

91.25 

56.30 

90.33 

56.03 

92.25 

5.00 

7.42 

5.62 

8.05 

3.84 

6.07 

1.02 

.68 

.79 

.65 

.91 

.60 

VIRGINIA   NO.  a. 

Bituminous  coal  from  Cobum  mine,  Virginia  Iron,  Coal  and  Coke  Company,  Toms  Creek, 
Wise  County,  Va.,  on  the  Norfolk  and  Western  Railway. 

This  sample,  which  was  loaded  under  the  supervision  of  Inspector  W.  J.  Von  Borries, 
consisted  of  lump  coal  (over  SJ-inch  bar  screen).  It  was  used  in  making  coking  tests 
Nos.  61  and  88,  steaming  teste  Nos.  280  and  283,  and  producer-gas  test  No.  75. 

Two  mine  samples  were  taken  for  chemical  analysis.  No.  2281  is  from  the  seventeenth 
east  heading,  3,000  feet  northeast  of  the  drift  mouth;  No.  3282  is  from  room  3  off  the 
eleventh  west  heading,  2,000  feet  northeast  of  the  drift  mouth. 

Ball  290— Oa 13 
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CHSKIGAL  AKALT8E8. 


Laboratory  "number. 
Air-drying  loss 


Moisture 

Volatile  matter. 

Fixed  carbon 

lAsh 

(Sulphur 

Hydrogen 

Carlwn 

Nitrogen 

Oxygen 


Mine  samples. 


2281 

i.eo 

2.70 
32.45 
60.36 

4.49 
.52 


2282 
1.70 

2.91 
31.99 
60.97 

4.13 
.55 


Calorific  value  determined: 

Calories 

British  thermal  units. . . 


Car 
sample. 


2382 
2.20 

3.05 
31.  (i5 
GO.  82 

4.48 
.67 

5.17 
80.35 

1.59 

7.74 

8,039 
14,470 


Test  280,  VIrirlnIa  No.  3. 


BTXAMDIO  TESTS. 


Size  as  shipped,  over  3)  inches.  Size  as  used, 
over  1  inch,  44.7  per  CJnt;  i  inch  to  1  inch,  20.2  per 
cent;  i  Inch  to  i  Inch,  15.7  percent;  under  \  inch, 
19.4  per  cent.  Duration  of  test,  9.88  hours.  Kind 
of  grate,  rocking. 


Test  28»,  VIrirlnIa  No.  3. 


Size  as  shipped,  over  3^  inches.  Size  as  used, 
over  1  Inch,  32.8  per  cent;  }  inch  to  1  inch,  16.5  per 
cent;  J  inch  to  )  inch,  15.6  percent;  under  I  inch, 
35.1  per  cent.  Duration  of  test,  10  hours.  Kind 
of  grate,  rocking. 


MISCELLANEOUS    ITEMS. 


Ileatlng  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  slack  damper Inch  water. 

Above  lire do... 

Fumaoo  t(>raperaturc "V. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  finnl ^pounds. 

Water  evaporated  from  and  at  212*^  F.: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  comlivstible do. . . 

Efllciency  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  280. 

Teat  283. 

14,908 

14,936 

0.42 

0.37 

.15 

.16 

2,452 

2,537 

16.40 

16.47 

2.91 

2.99 

81.6 

83.8 

8.14 

&18 

9.74 

9.79 

9.91 

10.12 

10.66 

10.84 

64.19 

65.43 

2.90 

2.89 

3.50 

3.57 

2.85 

2.79 

3.52 

3.45 

TESTS VIRGINIA. 


195 


ANALYSES. 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  280. 

Test  283. 

1.73 

3.29 

33.25 

32.00 

60.35 

60.20 

4.67 

4.51 

100.00 

100.00 

.64 

.56 

Ultimate. 


CarboDa 

Hydrogen  a. 

Oxygen  « 

Nitrogen  a.. 

Sulphur 

Ash 


Test  280. 


100.00 


Test  283. 


82.80 

82.05 

4.ge 

4.98 

6.18 

5.10 

1.64 

1.64 

.65 

.58 

4.75 

4.66 

100.00 


a  Figured  from  car  sample. 
PR0DV0SR-OA8  TEST. 
,  Test  75,  Viririnia  No.  3. 

Size  as  shipped,  over  3)  Inches.    Size  as  used,  over  1  inch,  51  per  cent;  }  Inch  to  1  Inch,  14  per  cent; 
i  inch  to  }  inch,  13  per  cent;  under  {  inch,  22  percent.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 194. 8 

Average  B.  T.  U.  gas,  percubic  foot 156.4 

Total  coal  fl red ,  pounds 1 1 ,  050 

COAL  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PER  HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes. 

Developed  at  engine 

Equivalent  used  by  producer  plant 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  75. 


Coal  as    rk..w/»«oi      Com- 
fired.      I^-ycoal-  bustible. 


1.21 
1.13 


1.03 
.96 


1.29 
1.21 


1.10 
1.03 


1.18 
1.11 


1.01 
.95 


1.27 
L19 


1.06 
1.01 


1.13 
1.06 


.96 
.90 


1.21 
1.13 


1.03 
.96 


/^ 


ANALYSES. 


Test  75. 


Test  75. 


Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


1.66 
31.68 
61.76 

4.90 


100.00 
.49 


(ku  by  volume. 

Carbon  dioxide  (COi) 

Carbon  monoxide  (CO)... 

Hydrogen  (H|) 

Methane  (CHO 

Nitrogen  (Nf) 


9.7 
19.3 
13.8 

ai 

54.1 


100.0 
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OPERATIONS    OF   FUEL-TESTING    PLANT   IN    1905. 


OOKIHO  TESTS. 


Test  61,  Vlrjyinia  No.  3. 


Size  aa  shipped,  over  3^  inebes.    Size  as  used, 
finely  crushed.    Raw.    Duration  of  test,  45  hours. 

Coal  chai^ged pounds. .  12,000 

Colco  produced do 8, 160 

Breeze  produced ...do 240 


Coke  produced per  cent. 

Brf>eze  produced do 


68.00 
2.00 


Total  pen)enta«;e  yield 70. 00 

/2«marl;«.— Light  gray  and  silvery.  Very  heavy 
coke.  Breaks  in  long,  large,  heavy  pieces.  Fine 
coke,    lligh  yield  due  to  deposited  carbon. 


Tent  88,  VIrgrlnlp.  Wo.  3. 

Size  as  used, 


Size  as  shipped,  over  3)  inches, 
same.    Duration  of  test.^  hours. 

Coal  charged pounds..  12,000 

Coke  produced do 7, 907 

Breeze  produced do 336 

Coke  produced per  cent. .    05. 89 

Breeze  produced do 2.80 

Total  percentage  yield (i8. 69 

Remarks.— Fine  coke.  Light  gray  and  silvery. 
Very  heavy.  Breakage  good;  long,  large  pieces. 
Yield  not  so  high  and  breeze  higher  than  in  coke 
from  crushed  coal. 


Test  61. 

Tc«^88. 

Coal.     1    Coke. 

Coal. 

■Coke. 

Moisture 

2.87 
31.58 
61.43 

4.12 
.56 

0.29 

1.21 

92.60 

5.90 

.61 

2.49 
31.90 
01.16 

4.45 
.57 

0.16 

Volatile  matter 

1.26 

Fixed  carbon 

91.85 

Ash 

6.73 

Sulphur 

.55 

VIRGINIA  NO.  4. 

Bituminous  coal  from  Darby  mine,  Darby  Coal  and  Coke  Company,  Darby,  Lee  County, 
Va.,  on  the  Louisville  and  Nashville  Railroad. 

This  sample  was  loaded  under  the  supervision  of  Inspector  J.  W.  Groves,  and  consisted 
of  lump  coal  over  l}-inch  bar  screen.  The  following  tests  were  made:  Coking  test  No.  62, 
steaming  tests  Nos.  240,  248,  254,  and  245,  and  producer-gas  test  No.  74. 

Two  mine  samples  were  taken  for  chemical  analysis.  No.  2323  was  cut  in  room  18  off 
the  first  butt  entry,  1,423  feet  from  the  drift  mouth;  No.  2324  was  taken  in  room  1  off  the 
third  butt  entry,  900  feet  from  the  drift  mouth. 

CHEKICAL  ANALT8E8. 


Laboratory  number. 
Alr-drylng  loss 


Moisture 

Volatile  matter 

Fixed  carbon 

(Ash 

[Sulphur 

H  y  d  roge  n 

Carbon , . . . 

Nitrogen 

Oxygen 

Calo rifle  value  determined: 

Calories 

British  thermal  units. . . 


Mine 
samples. 


2323 
1.90 

3.89 
34.80 
58.16 

3.06 
.34 


7,858 
14, 144 


2324 
1.50 

3.55 
37.06 
56.88 

2.51 
.50 


Car 

sample. 

23.58 
2.00 

4.35 
36.89 
54.43 

4.33 
.79 

5.25 
76.99 

1.32 
11.32 

7,744 
13,939 


TESTS VIRGINIA. 
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BTEAMmO  TESTS. 


Test  fUO,  VIrsrInIa  No.  4. 


Size  as  shipped,  over  1)  inches.  Size  as  used, 
over  1  inch,  46.5  percent;  \  inch  to  1  inch, 21.9  per 
cent;  |  inch  to  1  inch,  12.9  per  cent;  under  i  inch, 
18.7  per  cent.  Duration  of  test,  9.70  hours.  Kind 
of  grate,  plain. 


Test  248,  Vlri^niH  No.  4. 

Size  as  shipped,  over  1)  inches.    Size  t 


I  used, 


over  1  inch,  46.1  percent;  J  inch  to  1  inch,  20.4  per 
oent;  \  inch  to  )  inch,  12.5  per  cent;  under  ^  inch, 
21.0  per  oent.  Duration  of  test,  8.02  hours.  Kind 
of  grate,  plain.  Limestone  spread  over  grate  at 
start. 


Test  254,  Vtrfirinta  No.  4. 


Size  as  shipped,  over  1)  inches.  Size  as  used, 
over  1  inch,  G2.6  per  cent;  I  inch  to  1  inch,  15.4  per 
cent;  i  inch  to  ^  inch,  7.9  per  cent;  under  \  inch, 
14.1  percent.  Duration  of  test,  10  hours.  Kind 
of  ^rate,  plain.  Limestone  spniad  over  grate  at 
start. 

TeHt  *^43,  2-3  Virginia  No.  4  and  1-3  Penn- 
sylvanlk  No*  8  (dried). 

Size  as  shipped,  ovet  1)  inches  and  run  of  mine. 
Size  as  used,  over  1  inch,  44.8  per  cent;  }  inch  to  1 
inch,  13.G  per  oent;  \  inch  to  ^  inch,  9.3  per  oent; 
under  \  inch,  32.3  per  cent.  Coals  mixed.  Dura- 
tion of  test,  7.82  hours.    Kind  of  grate,  plain. 


MISCELLANEOUS   ITEMS. 


I 
..B.  T.  lJ.pt>r  pound  dry  coal..;      14,558 


Heating  value  of  coal . . . 
Force  of  draft: 

Under  stack  damper inch  water. . 

Above  flm do 

Furnace  temperature °F.. 

Dry  coal  used  per  square  f(x>t  of  grate  surface  per  hour 
pounds 

Equivalent  water  evaporated  p(>r  nquaro  foot  of  water-heat- 
ing surface  per  hour pounds. . 

Percentage  of  rated  horsppower  of  lioiicr  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired, 
pounds 

Water  evaporated  from  and  at  212°  P.: 

Per  pound  of  coal  as  flred pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Eflficiency  of  boiler,  including  grate percent.. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


0.53 

.22 

2.224 

15.73 

3.04 
85. 10 

7.83 

9.33 
9.60 
10.39 
64.  G8 

3.03 
3.74 

2.93 
3.01 


9t248. 

Test  254. 

14,677 

14,414 

0.46 

0.44 

.11 

.13 

2,483 

2,582 

17.14 

18.0 

3.48 

3.46 

97.50 

96.9 

8.23 

7.76 

9.81 

9.22 

10.18 

9.62 

10.86 

10.20 

66.98 

64.45 

2.88 

3.07 

3.56 

3.79 

2.78 

2.94 

3.43 

3.63 

14,476 

0.45 

.12 

2.338 

17.14 

3.06 
85.7 

7.27 

8.66 
8.93 
9.81 
59.57 

3.27 
4.03 

3.17 
3.91 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  240. 

Test  248. 

Test  254. 

Test  245. 

3.40 

3.62 

...3 

2.99 

36.01 

35.84 

36.18 

28.16 

55.87 

56.58 

56.00 

63.30 

4.72 

3.96 

3.60 

5.55 

100.00 

100.00 

100.00 

100.00 

.49 

.44 

^ ^ 

.70 
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ANALYSES — Continued. 

Test  245. 


UUimaU. 

Carbona 

Hydrogena 

Oxygens 

N  i  t  rogen  « 

Sulphur 

Aeh 


Teat  240. 

Teat  248. 

Teat  254. 

80.44 

81.15 

81.44 

4.99 

5.03 

5.05 

7.79 

7.86 

7.89 

1.38 

1.30 

1.40 

.51 

.46 

.46 

4.89 

4.11 

3.76 

100.00 

100.00 

100.00 

81.24 
4.46 
6.45 
1.41 
.72 
5.72 


100.00 


a  Figured  from  car  sample. 

7B0DV0SB-OA8  TEST. 
Test  74,  Virginia  No.  4. 
Size  as  ahipped,  over  1}  inches.    Siase  as  used,  not  determined.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 196. 3 

Average  B.  T.  U.  gas,  per  cubic  foot 167. 2 

Total  coal  fired,  pounds 12, 200 

GOAL  CONSUMED   IN    PRODUCER   (POUNDS   PER   HORSEPOWER   PER   IIOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine , 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes , 

Developed  at  engine 


Test  74. 


Coal  as 
fired. 


Dry  coal.'     Com 


1.31 
1.24  I 


1.12 
1.06 


1.38 
1.31 


1.17 
1.11 


1.28  I 
1.21  I 


1.09  ' 
1.03  I 


1.35 
1.27 


1.14 
1.08 


bustiblc. 


1.24 
1.18 


1.05 
1.00 


1.31 
1.24 


1.11 
1.05 


Test  74. 

2.72 
36.79 
57.72 

2.77 

Test  74. 

Coal. 
Moisture 

Ooi  by  volume. 
Carbon  dioxide  (C0«) 

7.5 

Vnlfttile  matter.   . 

Carbon  monoxide  (CO) 

23.5 

Fixed  carbon 

HydroKen  (Hi) 

13.8 

Aflh 

Methane  (CH*) 

3.3 

Nitrosen  fN«) 

6L9 

Sulphur 

100.00 
.42 

100.0 

TESTS — VIRGINIA  AND  WEST  VIRGINIA. 
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COKmO  TEST. 
Tent  6S.  Tirslnla  No.  4. 

Size  SLS  shipped,  over  1|  inches.    Size  as  used,  flnely  crushed.    Raw.    Duration  of  test,  36  hours. 

Coal  charged pounds. .  10,000 

CJoke  produced do 6,272 

Breeze  produced do 241 

Coke  produced per  cent. .    62. 72 

Breeze  produced do 2. 41 

Total  percentage  yield 6&  13 

Remarks.— hight  gray  and  silvery.    Fine-fingered  coke.    Breaks  in  long,  thin  pieces.    Light-weight 
coke. 

ANALYSES. 


Test  82. 

Coal. 

Coke. 

Moisture 

3.g7 
36.39 
65l60 

4.14 
.39 

0.16 

VnlatUA  matt-pr 

1.14 

Fixed  carbon .                                

92  90 

Ash 

5  80 

Sulphur 

.42 

WEST  VIRGINIA  NO.  4. 

Bituminous  coal  from  No.  2  mine,  Elkins  Coal  Company,  Bretz,  Preston  County,  W.  Va., 
on  the  Morgantown  and  Kingwood  Railroad. 

This  sample,  designated  West  Virginia  No.  4  B  in  this  report,  consisted  of  run-of-mine 
coal.  It  was  loaded  under  the  supervision  of  Inspector  J.  W.  Groves,  and  was  used  in 
making  washing  test  No.  127  and  coking  tests  Nos.  40,  44,  and  46.a 

Two  mine  samples  were  taken  for  chemical  analysis,  as  follows:  No.  2054  from  the 
second  left  heading  off  the  main  entry,  1,300  feet  from  the  drift  mouth,  and  No.  2055  from 
the  third  right  entry  off  the  main  entry,  800  feet  southeast  of  the  drift  mouth. 

OHEKIGAL  AKALT8E8. 


Laboratory  nunil>or. 
Air-drying  loss 


Mine  samples. 


Car 
sample. 


B' 


Moisture 

Volatile  matter. 

Fixed  carbon 

fAsh 


[Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  deti»rmInod: 

Calories 

British  thermal  units. . 


2054 
2.40 

3.57 
27.38 
62.84 

6.21 
.85 


I 


7,890 
14,218 


2055 
2.30 

3.47 
28.65 
62.70 

5.18 
.80 


22^0 
2.60 

3.91 

26.68 

59.30 

10.11 

L07 

4.69 

74.73 

1.56 

7.84 

7,428 
13,370 


o  For  tests  made  during  1904  on  the  same  coal  see  Bull.  U.S.  Oeol.  Survey  No.  261, 1905,  pp.  71,  82,  111, 
and  127. 
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OPERATIONS   OF   FUEL-TESTING   PLANT   IN   1906. 


WA8HIH0  TEST. 
Test  1S7,  Went  TirglniA  Xo.  4  B. 

Size  &a  8hlpT>ed.  run  of  mine.    Sise  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  26,  GOO 

Washed  coal *. do....  21,000 

Refuse do....    5,600 

ANALYSES. 


Test  127. 

Raw  coal. 

Washed 
coal. 

Moisture 

aw 

26.68 
50.30 

laii 

1.07 

4.47 

Volatile  matte r 

Fixed  carbon 

Ash 

7.76 

Sulphur  .      .        

81 

OOKINO  TESTS. 


Test  40,  West  Vlri^nia  No.  4  B. 

Size  as  shipped,  run  of  mine.  Size  as  used, 
finely  crushed.    Raw.    Duration  of  test,  57  hours. 

Coal  charged jwunds. .  10,000 

Coke  produced do...    7,563 

Breeze  produced do . . .       286 

Ck>ke  produced per  cent. .    75. 63 

Breeze  produced do. . .      2. 86 

Total  percentage  yield 7&30 

Remarks.— Light  gray  and  silvery.  High  yield 
due  to  deposited  carbon.  Breakage  somewhat 
crosswise,  but  in  good-sized  pieces.  Very  good 
coke. 

Test  44,  West  Virgrliiia  No.  4  B,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  not 
crushed.    Duration  o(  test.  72  hours. 

Coal  charged iwunds . .  12, 000 

Coke  produced do. . .    8, 129 

Breeze  produced do...       337 

Coke  produced per  cent. .    67. 74 

Breeze  produced do. . .      2. 81 

Total  percentage  yield 70.55 


Remarks.— Fine  coke.  Silvery  color.  Much 
deposited  carbon.  Heavy,  good  foundry  coke. 
Breakage,  practically  perfect.  Coal  not  ground. 
These  tests  would  seem  to  indicate  Ijetter  coke 
physically  from  coal  not  ground,  but  per  cent 
yield  is  lower,  and  the  difference  in  yield  would 
seem  to  warrant  grinding. 

Test  46,  West  Vlrg:lnia  No.  4  B,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used, 
finely  crushed.    Duration  of  test,  74  hours. 

Coal  charged pounds. .  9, 760 

Coke  produced do. . .  7, 220 

Breeze  produced do. . .  268 


Coke  produced per  cent. .    73. 98 

Breeze  produced do. . .      2. 75 

Total  percentage  yield 76. 73 

Remarks.— Fine  coke.  Heavy,  good-sized 
pieces,  though  breakage  is  not  so  good  as  coke 
I  from  charge  not  ground.  Unfortunate  that 
I  charges  were  not  same  size,  so  as  to  make  better 
I  comparison,  but  there  were  only  9.760  pounds  of 
coal  left.  Yield  better  than  coke  from  coal  not 
I  ground.  Washing  does  not  improve  enough  to 
I  warrant  this  expense. 


ANALYSES. 


Test  40.          , 

Teat  44. 

Test  46. 

Coal. 

Coke,     j 

Coal. 

Coke. 

Coal. 

Coke, 

Moisture 

4.24 

26.57 

58.89 

10.30 

.97 

•35! 

.68| 
86.01  I 
12.96  j 

.82, 

5.40 
26.83 
60.90 

7.87 
.93 

.60 

1.20 

87.04 

11.16 

.72 

3.87 
27.72 
60.67 

8.74 
.87 

.27 

Volatile  matter            

1.37 

Fixed  carbon 

86.96 

Ash 

11.38 

Sulphur 

.78 

TESTS — WKST   VIRGINIA. 
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WEST  VIRGINIA  NO.  18. 

Bituminous  coal  from  Page  No.  2  mine,  Loup  Creek  Colliery  Company,  Pago,  Fayette 
County,  W.  Va.,  on  the  Deep  Water  Railway  and  the  Chesapeake  and  Ohio  Railway. 

This  sample,  which  consisted  of  run-of-mine  coal,  was  loaded  under  the  supervision  of 
B.  W.  Parker,  of  the  United  States  Geological  Survey.  It  was  used  in  making  coking 
test  No.  21,  steaming  tests  Nos.  179  and  180,  and  producer-gas  test  No.  56.  It  was  also 
used,  mixed  with  West  Virginia  No.  14,  in  making  coking  test  No.  23. 

Mine  samples  Nos.  1867  and  1868  were  taken  from  the  two  distinct  benches  in  the  mine. 

GHEKICAL  AKALTBE8. 


M ino  Bamples. 


Laboratory  number. 
Air-drying  loss 


Moisture 

Volatile  matter. 

Fixed  carbon 

jAsh 


[Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 
Calories 


a  1867 
4.50 

&48 
29.70 
62.53 

2.29 
.79 


British  thermal  units. 


8,030 
14,454 


^1868 
1.90 


2.93    ; 

31.95 

60.17 

4.95 

1.22 


Car 
sample. 


2028 
2.60 

3.74 
31.04 
61.31 

a  91 
.89 

5.31 
80.50 

1.32 

8.07 

8,020 
14,436 


«  Lower  bench. 


ft  Upper  bench. 


STSAICHO  TESTS. 


Tent  179,  Went  Virginia  No.  13. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  15.4 i)cr cent;  \  inch  to  1  inch,  19.7  percent; 
i  inch  to  i  inch,  22.4  per  cent;  under  \  inch.  42.5 
per  cent.  Duration  of  test,  10  hours.  Kind  of 
grate,  plain. 


Test  180,  IVest  Virginia  No.  13. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  Inch,  12.7  per  cent;  I  inch  to  1  inch,  13.3  per  cent; 
J  inch  to  )  inch,  19.6  per  cent;  under  J  inch.  54.4 
per  cent.  Duration  of  test,  9.95  hours.  Kind  of 
grate,  plain. 


MISCELLANEOUS    ITEMS. 


Test  179. 


Test  180. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do 

Furnace  temperature ©F . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per 
hour pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fi  rod do . . . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do. . . . 

Effldency  of  boiler,  including  grate per  cent., 


14,999 


14,933 


0.37 

0.37 

.08 

.10 

2,428 

2,312 

16.47 

15.19 

3.45 

3.22 

96.8 

90.1 

8.71 

8.60 

10.12 

10.11 

10.50 

10.59 

n.ii 

1L29 

67.60 

68.48 
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MISCELLANEOUS  ITEMS — Continued. 


Test  179. 

Test  180. 

Coal  as  fired: 

Per  indicated  horaepower  hour 

Per  electrical  horsepower  hour 

Dry  coal: 

Per  indicated  horsepower  hour 

Per  electrical  horsepower  hour 

.pounds.. 
....do.... 

....do.... 
....do.... 

2.79 
a  45 

2. 69 
3.32 

2.80 
3.45 

2.67 
3.30 

ANALYSES. 

Test  179. 

Test  180. 

Test  179. 

Test  180 

Proxim€Ue. 
Moisturo 

3.59 
30.88 
61.60 

3.84 

4.53 
29.82 
61.38 

4.27 

UUimatf. 
Carbon  a 

83.64 
5.09 
4.93 
1.38 
.98 
3.98 

83.30 

Volatile  matter 

Hydrogen  o 

5.07 

Fixed  carbon 

Oxygen  o 

4.90 

Ash 

Nitrogen  o. . . . 

1.37 

.89 
4.47 

100.00 
.94 

100.00 

.85 

1 

Ash 

Sulphur 

100.00 

100.00 

a  Figured  from  car  sample. 

PSODTJOSR  0A8  TEST. 

Test  A6,  West  Virgrinta  No.  1.3. 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  1  inch,  25  per  ctmt;  \  inch  to  1  inch,  42  percent;  J  inch 
to  I  inch,  20  per  cent;  under  J  inch,  13  per  ctmt.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 200. 5 

Average  B.  T.  U.  gas,  per  cubic  foot 139.2 

Total  coal  fired pounds. .  9, 750 

COAL  CONSUMED  IN  PRODUCER  (l»OUNDS  PER  HORSEPOWER  PER  UOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  bralce  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equtv€UerU  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  b  ralce  h  o  rsepo we  r : 

Available  for  outside  purposes 

Developed  at  engine 


Test  56. 


Coal  as 
fired. 

Dry  coal. 

Combus- 
tible. 

1.03 

1.00 

a9G 

.07 

.95 

.91 

.87 

.85 

.82 

.^\ 

.80 

.78 

1.10 

1.07 

1.03 

1.04 

1.01 

.97 

.93 

.91 

.87 

.88 

.86 

.83 

TESTS WEST   VIRGINIA. 
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Coal. 


Moisture 

•  VolatUe  matter. 
Fixed  carbon... 
Aah 


Sulphur. 


Qas  by  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO )  — 

Hydrogen  (Hj) 

Methane  {Q.IU) 

Nitrogen  (NO 


Teat  56. 


9.8 
18.4 
13.7 

2.3 
55.8 


100.0 


OOXmO  TESTS. 


Test  SI,  West  TlrglnU  No.  13. 

Size  as  shipped,  run  of  mine.  Size  as  used,  finely 
crushed.    Raw.    Duration  of  test,  84  hours. 

Coal  charged pounds. .  12, 000 

Colte  produced do —    7,965 

Breeze  produced do 413 

66.29 
3.44 


Coltc  produced per  cent. 

Brpezo  produced do. . . 


Total  percentage  yield. 


1.73 


Remark*.— Qood,  hard  coke.  Foundry  coke. 
Light-gray  and  silvery  color.  High  yield  due  to 
deposited  carbon. 


Test   83,  West   Virginia    No.    13    and    14 
mixed  in  equal  proportions. 

Size  as  shipped,  run  of  mine.  Size  as  used,  finely 
crushed.    Raw.    Duration  of  test,  77  hours. 

Coal  charged pounds. .  12, 000 

Coke  produced do 8,093 

Drocze  produced do 215 


Coke  produced per  cent. .    67.  44 

Breeze  produced do 1.79 

Total  percentage  yield 09. 23 

Remarks.— GooA,  hard  coke.  Foundry  coke. 
Light-gray  and  silvery  color.  High  yield  due  to 
deposited  carbon. 


Moisture 

Volatile  matter 
Fixed  carbon . . 

Ash 

Sulphur 


Test  21. 

Tesi 

Coal. 

Ck)ke. 

Coal. 
4.81 

3.23 

0.75 

31.12 

1.05 

29.28 

61.98 

93.36 

62.84 

3.67 

4.84 

3.07 

.88 

.77 

.89 

Coke. 

0.43 

1.37 

94.20 

4.00 

.84 


WEST  VIRGINIA  NO.  14. 

Bituminous  coal  from  Page  No.  1  mine,  Loup  Creek  Colliery  Company,  Page,  Fayette 
County,  W.  Va.,  on  the  Deep  Water  Railway  and  the  Chesapeake  and  Ohio  Railway. 

This  sample  consisted  of  nin-of-mine  coal  and  was  shipped  under  the  supervision  of 
E.  W.  Parker,  of  the  United  States  Geological  Survey.  The  following  tests  were  made: 
Coking  test  No.  20,  steaming  tests  Nos.  178  and  181,  and  producer-gas  test  No.  54.  It 
was  also  used  mixed  with  West  Virginia  No.  13  in  making  coking  test  No.  23. 

Three  mine  samples  were  taken  in  this  mine.  No.  1869  was  cut  from  the  lower  bench. 
No.  1870  from  the  middle  bench,  and  No.  2178  was  a  sample  of  the  entire  seam. 
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OPERATIONS    OF   FUEL-TESTING   PLANT   IN   1905. 


CHSKIOAL  ANALYSES. 


Mine  samples. 


Laboratory  numlier . 
Air-drying  loss 


Moisture 

Volatile  matter 

Fixed  carbon 

jAsh 

[Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . . 


aiseo 

2.30 

3.53 
29.36 
64.77 

2.34 
.92 


6  1870 
1.80 

2.96 

30.23 

.£0.37 

7.44 

1.04 


7,762 
13,972 


2178 
3.20 

4.11 
29.08 
50.36 

7.45 
.80 


Car 
sample. 


2004 
3.10 

5.00 

29.07 

62.57 

3.27 

1.03 

5.33 

78.23 

1.51 

10.63 

7,839 
14,110 


a  Lower  bench. 


b  Middle  bench. 


STBAKDfO  TESTS. 


Test  181,  WeHt  Virf(inia  No.  14. 


Test  178,  West  YirglniH  No.  14.  i 

Size  as  shipped,  run  of  mine.  Size  as  used,  over  >  Size  as  shipped,  run  of  mine.  Size  as  used ,  over 
1  inch,  26.8  per  cent;  4  inch  to  1  inch,  14.5  per  cent;  i  1  inch,  23.1  percent;  )  inch  to  1  inch,  15.5  per  cent; 
}  inch  to  i  inch,  16.7  per  cent;  under  J  inch,  42  '  ^  inch  to  )  inch,  16.4  per  cent;  under  \  inch,  45 
per  cent.  Duration  of  test,  10  hours.  Kind  of  I  per  cent.  Duration  of  test,  7.G0  hours.  Kind  of 
grate,  plain.  |  grate,  plain.    Limestone  spread   over  grate  at 

:  start. 

MISCELLANEOUS   ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do . . . 

Furnace  temperature °F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212^F.: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do... 

Per  pound  of  combustible do. . . 

Efficiency  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do 

Dry  coal:  • 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do. . . 


Test  178. 


15.048 

0.42 

.16 

2.337 

14.38 

3.02 
84.6 
8.80 

10.22 
10.52 
10.88 
67.51 

2.77 
3.41 

2.60 
3.32 


Test  181. 


15,003 

0.50 

.13 

2,450 

19.31 

3.70 
103.8 
7.84 

9.11 

10.14 
61.79 

3.10 
3.83 

2.95 
3.64 


TESTS WEST   VIRGINIA. 
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ANALYSES. 


Teat  178. 

Teat  181. 

Proximatf. 
Moisture 

2.85 
30.13 
64.78 

2.24 

5.15 

Volatile  matter 

28.38 

Fixed  carbon 

64.09 

Aih 

2.38 

Sulphur 

loaoo 

1.06 

100.00 
1.11 

Teat  181. 


rUinuUe. 

Carbon  o 

Hydrogens 

Oxygen  a 

Nltrogeno 

Sulphur 

Aah 


loaoo 


^  Figured  from  car  aample. 

PB0DTJ0EB-OA8  TEST. 

Test  54,  West  Virginia  No.  14. 

Size  aa  ahipped,  run  of  mine.    Size  as  used,  not  determined.    Duration  of  test,  47  hours. 

Average  electrical  horsepower 201. 3 

Average  B.  T.  U.  gas,  per  cubic  foot 147. 0 

Total  coal  fired,  pounds 9, 750 

COAL  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PER  HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  54. 

Coal  aa     rk-«.-«>««i       Com- 
flred.      I>'y«>*>-  buatible. 


Coal, 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  54. 


3.12 
28.99 
65.22 

2.67 


100.00 
L21 


(ku  by  volume. 

Carbon  dioxide  (C0«) 

Carbon  monoxide  (CO) 

Hydrogen  (Hi) 

Methane  (CH«) 

Nitrogen  (Nt) 


Teat  54. 


20.7 
13.3 
2.3 
55.1 


100.0 
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OPERATIONS   OF   FUEL-TESTING    PLANT   IN   1906. 


ooxnro  test. 

Tent  20,  Went  Virginia  No.  14. 

Size  as  shipped,  run  of  Tnine.    SIxo  as  used,  finely  crushed.    Raw.    Duration  of  test,  71  hours. 

Coal  charged pounds..  11,000 

Colce  produced.  .1 do —    7, 154 

Dreezc  produced do 364 

Coke  produced per  cent. .    65. 04 

Br(>eze  produced do —      3.31 

Total  percentage  yield 68.35 

Bemarks.— Good  hard  colce.    Foundry  coke.    Light-gray  and  silvery  color.    High  yield  due  to 
deposited  carbon. 

ANALYSES. 


Moisture 

Volatile  matter 
Fixed  carbon... 

Ash 

Sulphur 


Test  20. 


Coal. 

Coke. 

1.04 

0.38 

29.28 

.96 

66.80 

€5.19 

2.88 

3.47 

1.04 

.94 

WE?JT  VIRGINIA  NO.  16. 

Bituminous  coal  from  Ocean  ininc,  Fairmont  Coal  Company,  3  m{\vs  c-ast  of  Clarksburg, 
Harrison  County,  W.  Va.,  on  tlie  Baltimore  and  Ohio  Railroad. 

This  sample  consisted  of  run-of-mine  coal  and  was  loaded  under  the  supervision  of  Inspec- 
tor J.  S.  Burrows.  It  wa«i  used  in  making  cokin^j  tests  Nos.  36  and  43  and  steaming  tests 
Nos.  214,  215,  and  216. 

Two  mine  samples  were  taken  for  chemical  analysis.  No.  2039  was  cut  from  the  second 
butt  entry  off  the  third  face  entry,  2,750  feet  northwest  of  the  drift  mouth.  No.  2040  was 
cut  in  room  7  off  the  third  butt  entry,  2,025  feet  northeast  of  the  drift  mouth. 

GHEKIGAL  AKALT8E8. 


Mine  samples. 

Car 
sample. 

La 
Ai 

1 
1 

boratory  nunil)er 

2039 
1.50 

2.80 
38.51 
53.14 
5.55 
2.40 

2040 
1.90 

3.27 

37.72 

63.27 

5.74 

2.41 

2195 

r-drjring  loss. 

0  90 

[Moisture 

2.01 

Volatile  matter. . .                                             ...... 

37.31 

Fixed  carbon 

52. 13 

[Ash 

8.55 

U^ 

f  Sulphur. 

2  54 

{H 

Hydrogen 

5.08 

c8 

6 

Carbon 

75.83 

Nitrogen , 

1.43 

P 

Oxygen 

6.57 

Ca 

loriflc  value  determined: 
Calories 

7,836 

7,673 
13,811 

British  thermal  units                                                    

14.105 
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STSAICNO  TESTS. 


Test  214,  Went  Virgrlnia  No.  15. 

Size  &a  shipped,  run  of  mine.  Size  as  used,  over 
1  Inch,  33.1  per  cent;  \  inch  to  1  inch,  24.4  per  cent; 
\  Inch  to  i  inch,  15  per  cent;  under  ^  inch,  27.5  per 
cent.  Duration  of  test,  8.78  hours.  Kind  of 
grate,  rocking. 

Test  215,  We»t  Virginia  No.  15. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  Inch,  32.6  per  cent;  }  inch  to  I  inch,  24.2  per  cent; 


I  i  inch  to  i  Inch,  15. 8  per  cent;  under  i  inch,  27.4  per 
cent.  Duration  of  test,  9.75  hours.  Kind  of 
grate,  plain. 

Teat  216,  Went  Virginia  No.  15. 

Size  as  shipped  run  of  mine.  Size  as  used,  over 
1  inch,  43.5  ^r  cent;  }  inch  t6  1  inch,  20.3  per  cent; 
i  Inch  to  I  inch,  14.5  per  cent;  under  J  inch,  21.7  per 
cent.  Duration  of  test,  6.80  hours.  Kind  of 
grate,  plain. 


MISCELLANEOUS   ITEMS. 


B.  T.  U.  per  pound  dry  coal. 


Heating  value  of  coai 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Furnace  temperature °F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour / pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212  °F.: 

Per  pound  of  coal  as  fired ." do... 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. 

Coal  as  fired: 

Per  indicated  horsepower  hour : pounds. 

Perelectrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  214. 


14,126 

0.53 

.22 

2,247 

16.32 

2.<W 
75.2 
7.65 

9.00 
9.18 
10.92 
62.76 

3.14  ! 
3.88  I 

3.08 
3.80 


Test  215. 


14,202 

0.40 

.12 

2,260 

16.77 

3.01 
84.4 
7.44 

8.77 
8.99 
10.04 
61.13 

3.22 
3.98 

3.15 
3.88 


Test  216. 


14,197 

0.41 
a.  04 
2,365 
2L28 

3.67 
103.0 
7.14 

8.41 
8.65 
9.63 
58.84 

3.36 
4.15 

3.27 
4.04 


a  Forced  draft. 
ANALYSES. 


Test  214.    Test  215.  i  Test  216. 


I 


J_ 


Proximate. 

Moisture I  1.90 

Volatile  matter....!  38.18 

Fixed  carbon 51.90 

Ash I  8.02 

I  100.00 

Sulphur I  3.01 


2.  47  L 
38.38 
51.48  I 

7.67 


100.00 
2.77 


2.73 
38.43 


Ultimate. 

Carbon  a. 

Hydrogen  a. . . 

51.11    j  Oxygen  a 

7.73  I    Nitrogen  o 


100.00  l| 
2.71 


Sulphur. 
Ash 


o  Figured  from  car  sample. 


Test  214. 


77.45 
4.97 

4.87 
1.46 
3.07 
8.18 


100.00 


Test  215.    Test  216. 


77.93 
5.00 
4.90 
L47 
2.84 
7.86 


100.00 


77.90 
5.00 
4.89 
L47 
2.79 
7.95 


100.00 
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OOKDIO  TESTS. 


TeHt  36,  West  Tiririnia  No.  15. 

Sixe  as  shipped,  run  of  mine.    Size  as  used, 
flnely  crushed.    Raw.    Duration  of  test,  46  hours. 

Coal  charged i>ounds..  10,000 

Coke  produced do 6,867 

Breeze  produced do 267 


Coke  produced per  cent. .    68. 67 

Breeze  produced do 2. 76 

Total  percentage  yield 71. 43 

Remarks.— hight  gray  and  silvery.  Good, 
heavy  coke.  High  yield  due  to  deposited  car- 
bon.   Sulphur  high. 


Test  43,  West  VtrsiniA  No.  15. 

Size  as  shipped,  nin  of  mine.    Size  as  used, 
flnely  crushed.    Raw.    Duration  of  test,  73  hours. 

Coalchai^ged pounds..  12,000 

Coke  produced do 8, 404 

produced do 2G9 


Coke  produced percent..    70.03 

Breeze  produced do 2. 24 

Totai  percentage  yield 72. 27 

Hemarks.— Fine  heavy  coke.  Silvery  color. 
Breakage  practically  perfect;  large  pieces.  Sul- 
phur high .    n igh  yield  due  to  deposited  carbon. 


Test  36. 

Test  43. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture 

1.79 
37.90 
53.00 
7.31 
2.73 

0.45 

.78 

88.70 

10.07 

2.09 

2.33 
38.33 
51.72 
7.62 
2.72 

0.26 

Volatile  matter 

1.89 

Fixed  carbon 

87.30 

A.h 

ia55 

Sulphur 

2.26 

WEST  VIRGINIA  NO.  16. 

Bituminous  coal  from  Monongha  mine  No.  6,  Fairmont  Coal  Company;  Monongha, 
Marion  County,  W.  Va.,  on  the  Baltimore  and  Ohio  Railroad. 

Two  samples  of  coal  were  shipped  from  this  mine  under  the  supervision  of  Inspector  J.  S. 
Burrows.  West  Virginia  No.  16  A  consisted  of  three-fourths  inch  lump  coal  over  a  three- 
fourths  inch  screen.  It  was  used  in  making  coking  test  No.  73  and  producer-gas  test  No. 
86.  West  Virginia  No.  16  B  consisted  of  slack  coal  which  had  passed  through  a  three-fourths 
inch  screen.  It  was  used  in  making  washing  test  No.  128  and  coking  tests  Nos.  45,  48,  and 
49.    • 

Two  mine  samples  were  taken  from  this  mine  for  chemical  analysis  as  follows:  No.  2041 
from  room  2  on  the  third  right  entry,  5,000  feet  southwest  of  the  drift  mouth;  No.  2042 
from  room  1  off  the  third  left  entry,  5,000  feet  northwest  of  the  drift  mouth. 

OHEKIGAL  AKALTBE8. 


Laboratory  number. 
Air-dr>ing  loss 


I  Moisture 
Volatile  matter 
Fixed  carbon 
_  jAah 

[Sulphur 

is  Hydrogen 

6  Carbon 

g  Nitrogen 

(Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . . 


Mine  samples. 


2041 
1.30 

2.89 
34.54 
56.86 

5.71 
.09 


2042 
1.40 

2.68 

35.97 

55.78 

5.57 

1.06 


I 


7,800 
14,540 


Car 
sample. 

2264 
4.40 

5.57 

31.61 

54.45 

8.37 

1.20 

5.08 

72.74 

1.46 

11.15 

7,274 
*13,093 


TESTS WEST   VIRGINIA. 
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PB0DTJCSR-OA8  TEST. 
Tent  86,  WeHt  Virgrinia  No.  16  A. 

Size  as  ahipped,  over  i  inch.    Size  as  uaed,  over  1  inch,  86  per  cent;  }  inch  to  1  inch,  5  por  cent;  i 
inch  to  \  inch,  4  per  cent;  under  i  inch,  5  per  cent.    Duration  of  test,  50  hours. 

Average  electrical  horsepower 198. 5 

Average  B.  T.  U.  gas,  per  cubic  foot , 156. 1 

Total  coal  flred pounds . .  13, 150 

COAL  CONSUMED   IN    PRODUCER    (POUNDS  PER   HORSEPOWER   PER   HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

For  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

EqvLivalcnt  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  puriwnes. 

Developed  at  engine 


Test  86. 


Ck>ala8    i^„,^^„i  I     Com- 
flred.      J^fyco«»-  bustiblc. 


1.41 
1.33 


1.20 
1.13 


1.49 
1.40 


1.26 
1.19 


1.38 
1.30 


1.17 
1.10 


1.45 
1.37 


1.24 

...6  I 


1.28 
1.20 


1.00 
1.02 


1.35 
1.27 


1.16 
1.06 


ANALYSES. 


Test  86. 


Coal. 


Moisture 

Volatile  matter. 
Fixed  carbon... 
Ash 


2.28 
35.54 
55.20 

6.89 


Sulpnur. 


100.00 
0.95 


Test  86. 


(?a«  by  volume. 

Carbon  dioxide  (C0|) 

Carbon  monoxide  (CO) 

Hydrogen  (H») 

Methane  (Cn4) 

Nitrogen  (Nj) 


a4 
21.2 
14.0 

2.5 
53.9 


100.0 


WA8EIH0  TEST. 
Test  128,  West  VirflriHia  No.  16  B. 

Size  as  shipped,  slack.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  22,825 

Washed  coal do ....  19, 800 

Refuse do. . . .    3,025 

ANALYSES. 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 


Test  128. 

Raw  coal. 

Washed 
coal. 

5.57 
31.61 

5.41 

5145 

8.37 

5.91 

Bull  mh-m 14 
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GOXnro  TESTS. 


TeMt  73,  West  VIrgrtnia  No.  16  A. 

Size  as  shipped,  over  |  inch.  Size  as  used,  finely 
crushed.    Haw.    Duration  of  test.  60  hours. 

Coal  charged pounds. .  14,000 

Coke  produced do —    9,700 

Breeze  produced do 384 

Coke  produced per  cent . .    W.  29 

Breeze  produced do 2. 74 

Total  percentage  yield 72. 03 

i2^marJt«.— Light  gray  and  silvery;  much  de- 
posited carbon  to  which  high  yield  is  due.  Fine 
hard,  heavy  coke. 

Test  45,  West  Virginia  No.  16  B. 

Size  as  shipped,  slack.  Size  as  used,  finely 
crushed.    Raw.    Duration  of  test,  72  hours. 

Coal  charged pounds. .  21 ,000 

Coke  produced do ... .    8, 124 

Breeze  produced do —        276 

Coke  produced per  cent. .    67. 70 

Breeze  produced do 2. 30 

Total  percentage  yield 70. 00 

Remarks.— Yino  heavy  coke.  Silvery  color. 
Breakage  practically  perfect;  large  pieces.  Good 
foundry  coko  if  sulphur  was  reduced  a  little. 
High  yield  due  to  deposited  carbon. 

Test  48,  West  Virginia  No.  16  B,  washed. 

Size  as  shipped,  slack.  Size  as  used,  finely 
crushed.    Duration  of  test,  47  hours. 


Test  48,  West  Virginia  No.  16  B.— Continued. 

Coal  charged pounds. .  12,000 

Coke  produced do 7,984 

Breeze  produced do 289 

Coke  produced per  cent. .    66. 53 

Breeze  produced do 2. 41 


Total  percentage  yield. 6a  94 

jR«TnarA:».— Light  gray  and  silvery.  Light  coke. 
Brittle.  Ash  and  sulphur  reduced  by  washing, 
but  physical  properties  not  so  good  as  coke  from 
raw  charge.    High  yield  due  to  deposited  carbon. 

Test  49,  West  Virginia  No.  16  B,  washe<1. 

Size  as  shipped,  slack.  Size  as  used,  flndy 
cruslied.    Duration  of  tests,  23  hours. 

C^al  charged pounds. .    7,800 

Coke  produced do 5,207 

Breeze  produced do 175 

Coke  produced per  cent. .    66. 76 

Breeze  produced do 2. 24 

Total  percentage  yie!d 69. 00 

Remarks.— Light  gray  an  i  silvery.  LI jh t  coko. 
Brittle.  Ash  and  sulphur  reduced  ly  washing, 
but  physical  properties  not  so  good  as  coke  from 
raw  charge.    High  yield  due  to  deposited  carbon. 


Test  73. 


Coal. 


Moistun' 2.93 

Volatile  matter !  35. 20 

Fixed  carbon '  55. 26  ' 

Ash '  6.01  I 

Sulphur !  0.92 


Coke. 

0.54 
1.31 
89.07 
9.08 
0.81 


Test  45. 


Coal. 

5.70 

32.52 

53.44 

8.34 

1.20 


Coke. 

0.40 
1.55 
85.61 
12.44 
1.23 


Test  48. 

Coal.     1    Coke. 

&31 

0.37 

32.83 

1.18 

55.89 

89.87 

5.97 

8.58 

0.97 

0.91 

Test  49. 
Coal.     I     Coke. 


4.59  I 
33.90  I 
55.71  I 
5.80  I 
0.95 


0.38 
2.35 
88.91 
8.36 
0.89 


WEST  VIRGINIA  NO.  17. 

Bituminous  coal  from  a  country  bank  2 J  miles  above  Brctz,  Preston  County,  W.  Va., 
on  the  Morgantown  and  Kingwood  Railroad.  This  coal  was  furnished  by  the  Elkins  Coal 
Company,  of  Bretz,  W.  Va. 

This  sample,  which  consisted  of  run-of-mine  coal,  was  loaded  under  the  supervision  of 
Inspector  J.  W.  Groves  and  hauled  to  the  Morgan  town  and  Kingwood  Railroad.  It  was 
used  in  making  washing  test  No.  132,  coking  test  No.  60,  steaming  tests  Nos.  225  and  226, 
and  steaming  test  on  washed  coal  No.  230. 

Two  mine  samples  (Nos.  2056  and  2057)  were  taken  from  a  prospect  hole  about  one- 
fourth  mile  below  the  country  bank  from  which  the  coal  was  shipped. 
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GHEKIOAL  AHALY8B8. 


Laboratory  numlior. 
Alr-drying  loss 


Moisture 

Volatile  matter 

Fixed  carbon 

{Ash 
Sulphur 

Hydrogen 

§  Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories , 

British  thermal  units. . 


S 


S 


Mine  samples. 


Car 
sample. 


2056 
2.30 

3.22 

29.54 

59.91 

7.33 

1.73 


7,775 
13,995 


2057 
a  10 

4.05 

28.70 

61.65 

5.60 

1.16 


2332 
2.50 

a46 

27.29 

61.13 

8.12 

1.45 

4.68 

76.98 

1.37 

7.40 

7,705 
13,869 


BTEAMIVO  TESTS. 


Tent  2ie5,  West  Virginia  No.  17. 

Size  as  shipped,  run  of  mme.  Size  as  used,  over 
1  inch,  11  percent;  }  inch  to  1  inch,  11  percent;  i 
inch  to  I  Inch,  16.2  per  ccmt;  under  J  Inch,  61.8  per 
cent.  Duration  of  test,  9.92  hours.  Kind  of 
grate,  rocking. 

Tent  a«6.  West  Virginia  No.  17. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  16.5  per  cent;  \  inch  to  1  Inch,  14  per  cent; 


J  Inch  to  I  inch,  153  percent;  under  J  Inch.  54.2  per 
cent.  Duration  of  test,  9.97  hours.  Kind  of 
grate,  rocking. 

Test  S30,  West  Virginia  No.  IT.waslied. 

Size  as  shipped,  run  of  mine.  Size  as  U8*?d,  over 
1  inch,  29.6  percent;  ^  inch  to  1  inch,  20.2  percent; 
i  Inch  to  I  inch,  15.7  per  cent;  under  J  inch,  34.5 
percent.  Duration  of  test,  10.07  hours.  Kind  of 
gratc>,  rocking. 


MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  daniiM'r inch  water. . 

\bove  fliv do 

Furnace  temperaturt' °F. . 

Dry  coal  used  per  square  foot  of  graU;  surfatv  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour ^ pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212  °F.: 

Per  pK)und  of  coal  as  flnMl do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  hor8<»power  hour do 


»8t225. 

Test  226. 

Test  230. 

14, 546 

14.508 

14,641 

0.53 

0.61 

0.48 

.16 

.17 

.19 

2.165 

2,392 

16.37 

17.56 

17.64 

3.00 

3.13 

3.17 

84.1 

87.6 

89.0 

8.30 

8.06 

8.03 

9.79 

9.53 

9.61 

10.22 

9.94 

10.05 

U.32 

11.04 

ILOl 

67.85 

06.16 

66.29 

2.89 

2.97 

2.94 

3.57 

3.^6 

a63 

2.77 

2.84 

2.81 

3.42 

3.51 

a47 
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ANALYSES. 


Test  225. 

Test  226. 

Test  230. 

Test  225. 

Test  226. 

Test  230. 

Proximate. 
Moisture 

4.14 
27.89 
60.87 

7.10 

4.10 
27.92 
60.58 

7.40 

4:35 
28.35 
61. 13 

6.17  1 

100.00 
1.36 

1 

Ultimate. 
Carbon  0 

80.79 
4.51 
4.51 
1.44 

,.34 

7.41 

1 

1 
80.50  1          K\.m 

Volatile  matter.... 
Fixed  carbon 

Hydrogeno 

Oxvaeno 

4.49 
4.50 
1.44 
1.26 
7.72 

4.55 
4.57 

Ash 

Nitrogen  0 

1.45 

1.42 
6.45 

100.00 
1.28 

100.00 
1.21 

Ash 

Sulphur 

100.00 

100.00 

100.00 

o  Figured  from  car  sample. 

WA8HIH0  TEST. 

Test  132,  West  Tlr|(lnla  No.  17. 

Size  as  shipped,  run  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  29,530 

Washed  coal do ....  24 ,  765 

Refuse do 4,765 

ANALYSES. 


Tost  132. 

Raw  coal. 

3.46 

27.29 

6L13 

8.12 

1.45 

Washed 
coal. 

Moisture 

5.33 

Volatile  matter 

Fixed  carbon 

Ash 

5.50 

Sulphur 

1.14 

coxnro  test. 

Test  60,  West  Virgrtnia  No.  17,  washed. 

Size  as  shipped,  nni  of  mine.    Size  as  used,  finely  crushed.    Duration  of  test,  42  hours. 

Coal  charged pounds. .  10.000 

Coke  produced * do 0,675 

Breeze  produced do 293 

Coke  produced per  cent. .    66.  75 

Breeze  produced do 2. 93 

Total  i)ercentago  yield 69. 68 

Remarks.— L\gtit  gray  and  silvery.    Good  weight  coke.    Brittle  and  breaks  badly.    High  yield  due  to 
deposited  carbon.    This  was  outcrop  coal,  and  results  are  exceedingly  good  under  these  circumstances. 


TESTS — WEST   VIBGINIA. 
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Test  60. 
Coal.         Coke. 

Moisture 

4.84 

28.63 

60.49 

&04 

1.25 

0.07 

Volatile  matter 

.63 

Fixed  carbon 

01.36 

Ash ^ 

7.94 

Sulphur 

1.04 

WEST  VIRG.XIA  NO.  18. 

Bituminous  coal  from  Glen  Alum  mine,  Glen  Alum  Fi  ?1  Company,  Glen.  Alum,  Mingo 
County,  W.  Va.,  on  the  Norfolk  and  Western  Railway. 

This  sample  consisted  of  run-of-mine  coal,  and  was  loaded  under  the  supervision  of 
Inspector  J.  W.  Groves.  It  was  used  in  making  coking  tests  Nos.  74  and  78,  steaming 
tests  No6.  259,  261,  and  262,  and  producer-gas* test  No.  80. 

Two  mine  samples  were  taken  from  this  mine  for  chemical  analysis,  as  follows:  No. 
2348  from  a  crosscut  900  feet  from  the  drift  mouth,  and  No.  2349  from  room  19,  off  the 
twentieth  entry,  3,000  feet  from  the  drift  mouth. 

OHEXICAL  A1IALT8S8. 


Laboratory  number. 
Air-<lr3ring  loss 


S 


s 


Moisture 

Volatile  matter 

Fixed  carbon 

I  Ash 

(Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calorics 

British  thermal  units.. . 


Mine  samples. 


2348 
1.60 

2.81 
31.07 
59.02 
6.50 
0.66 


.1 


7,754 
13.957 


2349 
2.40 

4.04 
31.25 
59.55 

5.16 
.64 


Car 
sample. 

25Z7 
1.60 

2.86 
33.23 
58.06 

5.83 
.67 

5.01 
78.38 

1.43 

8.68 

7,836 
14.106 


STSAICHO  TESTS. 


Test  2ff9,  West  Virginia  No.  IH. 

Sire  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  44.8  per  cent;  i  inch  to  1  inch,  18.1  percent; 
J  inch  to  i  inch.  12  per  cent;  under  J  inch  25.1 
percent.  Test  run  on  an  ordinary'  Frost  flre-tulw 
boiler.  Duration  of  test.  9.95  hours.  Kind  of 
grate,  roclcing. 

Test  261,  West  Virginia  No.  18. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  22.4  per  cent;  ^  inch  to  1  inch,  20  per  cent; 


J  inch  to  i  inch,  17.1  per  cent;  under  J  inch.  40.5 
per  cent.  Duration  of  test,  10  hours.  Kind  of 
grate,  rocking. 

Test  262,  West  Vlrgrtnla  No.  18. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  Inch,  47.7  percent;  i  Inch  to  1  Inch,  17.2  per  cent; 
\  inch  to  i  inch,  11.9  percent;  under  i  inch,  23.2 per 
cent.  Duration  of  test,  10.07  hours.  Kind  of 
grate,  rocking. 
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MISCELLANEOUS  ITEMS. 


B.  T.  U.  per  pound  dry  coal 


Heating  value  of  coal 

Force  of  draft: 

Under  stack  damper inch  water 

Above  fire do.. 

Furnace  temperature "F 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate .' per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


o  Too  low  to  read  with  pyrometer. 

ANALYSES. 


b  Approximated. 


Test  259. 

Test  261. 

Test  262.  ' 

2.74  [ 
32.52 
58.02  1 

6.72  1 

Test  259. 

Test  261. 

Test  262. 

Proximate. 
Moisturc 

3.07 
32.71 
58.12 

6.10 

3.02 
32.79 
57.66 

a  53 

Ultimate. 
Carbon  « 

80.45 
4.82 
6.30 
1.46 
0.68 
6.29 

80.08 
4.79 
6.26 
1.46 
0.68 
6.73 

79.91 

Volatile  matter 

Fixed  carbon 

Hydrogen  a 

Oxygen  a 

4.78 
6.24 

Ash 

Nitrogen  a 

1.45 

0.71 
6.91 

Bulphur 

100.00 
0.66 

100.00 
0.66 

100.00  1 
0.69  1 

Ash 

■      1     1 

100.00 

100.00 

100.00 

a  Figured  from  car  sample. 

PR0DV0ER-OA8  TEST. 

Test  80,  IVest  Virginia  No.  18. 

Size  as  shipped,  run  of  mine.     Size  as  used,  over  1  inch.  09  per  cent;  i  inch  to  1  inch,  13  per  cent; 
J  inch  to  i  inch,  7  percent,  under  J  inch,  11  percent.     Duration  of  lest,  50  hours. 

Average  electrical  horsepower 197. 9 

Average  B.  T.  U.  gas,  per  cubic  foot 158.9 

Total  coal  fired pounds..  11,250 
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COAL  CONSUMED  IN  PRODUCER  (POUNDS  PER  UORSEPOWER  PER  HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  uted  by  producer  plant 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


ANALYSES. 


Coal. 

Moisture 

Volatile  matter 

Fi  xed  carbon 

Ash 

Sulphur 


Test  80. 


Coal  as 
fired. 


1.20 
1.14 


1.02 
0.97 


1.27 
1.20 


1.08 
1.02 


Dry  coal. 

Com- 
bustible. 

1.17 

1.10 

1.11 

1.04 

1.00 

0.94 

«0.94 

.88 

1.24 

1.17 

1.17 

1.10 

1.05 

0.09 

0.99 

.94 

Oas  by  volume. 

Carbon  dioxide  (COi) 

Carbon  monoxide  (CO) 

Hydrogen  (lit)    

Methane  (CH<) 

Nitrogen  (Nt) 


Test  80. 


8.6 
21.5 
12.9 

3.7 
53.3 

100.0 


COKINO  TESTS. 


TeHt  74,  WeHt  Virginia  No.  18. 

Size  as  shipped  run  of  mine.    Size  as  used,  not 
crushed     Raw.    Duration  of  test,  43  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 8, 444 

Breeze  produced do 309 


Coke  produced per  cent. .    70. 37 

Breeze  produced do 2. 58 

Total  percentugi^  yield 72.95 

Renuirkt.—L\ght  gray  and  silvery.   Good,  hard, 
heavy  coke.    Uigh  yield  due  to  deposited  carbon. 


Test  78,  W«»t  Virginia  No.  18. 

Size  as  shipped,  run  of  mine.    Size  as  used, 
finely  crushed.    Raw.    Duration  of  test,  48  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 8, 422 

Breeze  produced do 340 

Coke  produced per  cent. .    70. 18 

B  reeze  produced do. . . .      2. 83 

Total  percentage  yield 73.01 

Remarks.— Light gT&y And  silvery.    Good, hard, 
heavy  coke.    High  yield  due  to  deposited  carbon. 


Test  74. 

Test  78. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture 

3.42 
32.82 
67.02 
6,74 
O.TO 

0.63 

.97 

89.54 

8.86 

0.^ 

4.18 
32.08 
57.69 

6.05 

0.60 

Volatile  matter 

1.19 

Fixed  carbon 

89.47 

Ash 

8.65 

Sulphur 

\         Q.^\ 

\          ^.^ 
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WEST  VIRGINIA  NO.  19. 

Bituminous  coal  from  McDonald  mine,  White  Oak  Coal  Company,  McDonald,  Fayette 
County,  W.  Va.,  on  the  Chesapeake  and  Ohio  Railway. 

This  sample  consisted  of  run-of-mine  coal  and  was  loaded  under  the  supervision  of 
Inspector  J.  W.  Groves.  It  was  used  in  making  coking  tests  Nos.  79  and  83  and  steaming 
tests  Nos.  285  and  289. 

Two  mine  samples  were  taken  from  this  mine  for  chemical  analysis,  as  follows:  No.  2359 
from  room  11  oflF  the  eighteenth  left  entry,  7,720  feet  from  the  drift  mouth;  No.  2360 
from  room  16  on  the  sixteenth  right  entry,  7,600  feet  southwest  of  the  drift  mouth. 

OHIXIOAL  ANALT8E8. 


Laboratory  number. 
Air-drying  loss 


Moisture 

Volatile  matter 

■^  Fixedcarbon 

£   |A8h 

[Bui  phur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


Mine  samples. 


2350 
2.50 

3.26 
21.57 
72.71 

2.46 
.78 


8,207 
14,773 


Car 
sample. 


2360  I 
2.80  I 

3.51  ' 
21.11 
72.83 

2.56 
.53 


2549 
2.30 

2.96 
22.74 
69.29 

5.01 
.89 

4.81 
81.64 

1.57 

6.08 

8,014 
14,425 


STSAMnra  tests. 

Test  28A,  West  VtrginU  No.  10.  Test  289,  West  Virginia  No.  19. 


Size  as  shipped ,  run  of  mine.  Size  as  use^ ,  over 
1  inch,  14.8  per  cent;  i  inch  to  1  inch,  11.6  per  oent; 
i  inch  to  i  inch,  15.3  per  cent;  under  {  inch,  58.3  per 
cent.  Duration  of  test,  9.97  hours.  Kind  of 
grate,  rocking. 


Size  as  shipped ,  run  of  mine.  Size  as  used ,  over 
1  inch,  13.4  per  cent;  )  inch  to  1  inch,  11.7  per  cent; 
i  inch  to  i  inch,  16.2  per  oent;  under  ^  inch,  58.7  per 
cent.  Duration  of  tost,  8  hours.  Kind  of  grate, 
plain. 


MISCELLANEOUS  ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal . . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature **F.. 

•Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pounds  

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds . . 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do — 

Per  pound  of  dry  coal do 

Per  pound  of  combust!  ble do 

EfBciency  ot  boiler,  including  grate per  cent. . 


Test  285. 1  Test  289. 


4,618 

14,571 

0.45 

0.56 

.22 

.12 

2,419 

2,065 

15.  .'i5 

13.86 

2.92 

2.84 

81.8 

79.6 

S.-W 

a25 

10.20 

9.94 

10.45 

10.26 

11.48 

11.45 

69.04 

68.00 

TESTS WEST   VIRGINIA. 
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Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  285. 

Test  289. 

2.77 

2.84 

3.42 

3.51 

2.71 

2.76 

3.34 

3.40 

ANALYSES. 


Proximate. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  285. 

Test  289. 

2.44 

3.07 

20.59 

20.58 

70.43 

60.66 

6.54 

6.60 

100.00 

100.00 

0.92 

1.04 

UUimaU. 

Carbon  o 

Hydrogen  o 

Oxygen  a 

Nitrogen  a 

Sulphur 

Ash 


100.00 


1  Figured  from  car  sample. 


COKOra  TB8T8. 


Test  70,  West  VlrstnU  No.  10. 

Si2e  as  shipped,  run  of  mine.    Size  as  used, 
finely  crushed.    Raw.    Duration  of  test.  49  hours. 

Coal  charged pounds. .  12, 000 

Colce  produced do 7, 692 

Breeze  produced do 258 


Coke  produced per  cent . .    64. 10 

Breeze  produced do 2. 15 

Total  percentage  yield 66. 25 

Remarks.— jyvtW-gmy  color;    slightly  silvery. 
Light  weight.    Poor,  dense  coke. 


Test  83,  West  Th-gliila  No.  10. 

Size  as  shipped,  run  of  mine.    Size  as  used 
finely  crushed.    Raw.    Duration  of  test,  53  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 7,914 

Breeze  produced do 283 


Coke  produced per  cent. .    6&  05 

Breeze  produced do 2. 36 


Total  percentage  yield 68. 31 

Remarks.— "DuW-gt AY  color,  with  slight  silvery 
luster;  cell  structure  small.  Much  heavier  and 
better  than  in  test  79. 


Test  79. 

Test  83. 

Coal. 

Coke. 

Coal.     1    Coke. 

Moisture 

2.82 

20>63 

70.30 

6.26 

1.00 

0.38 

L68 

80.96 

7.98 

.77 

2.43 
2L34 
70.50 

5.73 
.96 

0  45 

Volatile  matter 

.55 

Fixed  carbon 

91.57 

Ash 

7.43 

Sulphur 

.82 
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OPERATIONS    OF    FUEL-TESTING    PLANT   IN    1?H)5. 


YTEST  VIRGINIA  NO.  20. 

Bituminous  coal  from  Keystone  mine,  Stevens  Coal  Company,  Acme,  Kanawha  County, 
W.  Va.,  on  the  Chesapeake  and  Ohio  Railway. 

This  sample  consisted  of  nin-of-mine  coal  and  was  loaded  under  the  supervision  of  Inspec- 
tor J.  W.  Groves.  It  was  used  in  making  washing  test  No.  135,  coking  tests  Nos.  80, 84,  87, 
and  92,  steaming  tests  Nos.  272  and  273,  steaming  tests  on  washed  coal  Nos.  264  and  266, 
and  producer-gas  test  No.  82. 

Two  mine  samples  were  taken  in  this  mine  for  chemical  analysis,  as  follows:  No.  2375 
from  a  point  in  the  left  entry  4,600  feet  east  of  the  drift  mouth;  No.  2376  from  room  16  ofif 
the  fifth  right  entry,  3,500  feet  east  of  the  drift  mouth. 

OEEKIOAL  ANALT8E8. 


Laboratory  number. 
Alr-drylng  loss 


i 


Moisture 

Volatile  matter 

Fixed  carbon 

jAsh 

(Sulphur 

Hydrogen 

Carbon , 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

Britisb  thermal  units... 


Mine  samples. 


2375 
1.40 

2.G6 
33.30 
59.60 

4.44 

1.14 


7,982 
14,368 


2376 
1.60 

2.84 
33.18 
58.75 

5.23 
.  1.35 


Car  samples. 


2550 
2.10 

2.82 

32.20 

56.95 

8.03 

1.38 

5.16 

76.74 

1.34 

7.35 

7,648 
13,766 


1.90 

2.89 

32.53 

56.95 

7.63 

1.50 


STEAXHrO  TESTS. 


Test  272,  West  Tlrffinia  No.  20. 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  | 
1  inch,  31.1  per  cent;  |  inch  to  1  inch.  22.3  per  cent;  { 
i  inch  to  §  inch.  19.4  percent;  under  \  inch,  27.2  per  i 
cent.    Duration  of  test,   9.92  hours.    Kind   of 
grate,  rocking. 

Test  273,  IVest  Virginia  No.  20.  : 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  | 
1  inch,  27.7  per  cent;  \  inch  to  1  inch,  20  per  cent;  ' 
\  inch  to  I  inch.  18.5  percent;  under  \  inch,  33.8  per 
cent.    Duration  of  test,  9.87  hours.    Kind   of 
grate,  rocking. 


Test  264»  IVeitt  Virginia  No.  20,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch.  23  percent;  |  inch  to  1  inch.  23.7  per  cent; 
i  inch  to  i  inch.  25.4  percent;  under  J  inch,  27.9  per 
cent.  Duration  of  test,  9.97  hours.  Kind  of 
grate,  rocking. 

Test  266»  IVeHt  Virginia  No.  20,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch.  30.9  percent;  }  inch  to  1  inch.  24.4  percent; 
{  inch  to  i  inch,  21.2  percent;  under  I  inch,  23.5  per 
cent.  Duration  of  test,  10  hours.  Kind  of 
grate,  plain. 


TESTS — WEST   VIRGINIA. 
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MISCELLANEOUS  ITEMS. 


.  B.  T.  U.  per  pound  dry  coal. 


Heating  value  of  coal 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Furnace  temperature *F. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour, 
pounds 


Equivalent  water  evaporated  per  square  foot  of  water-heat- 
ing surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired, 
pounds 

Water  evaporated  from  and  at  212**  F.: 

Per  pound  of  coal  as  fired pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Te8t272.    Teflt273.    Teflt204.    TMt266. 


14,202 

0.31 
.09 


I 


15.44 

2.80 
78.5 

8.24 

9.89 
10.11 
11.21 
68.75 

2.86 
3.53 

2.80 
3.45 


14,083 

0.40 

.10 

2,274 

16.57 

2.96 
83.6 

8.13 

9.75 
10.04 
11.19 
68.85 

2.90 
3.58 

2.82 
3.48 


14,584 

0.38 
•16 

2,520 

17.23 

3.23 
90.5 

8.41 

10.09 
10.46 
11.21 
69.26 

2.80 
3.46 

2.70 
3.34 


14,530 

0.35 

.10 

2,392 

15.73 

3.00 
86.7 

7.97 

9.54 
9.85 
10.56 
65.47 

2.96 
3.66 

2.87 
3.55 


Proximate. 


Moisture 

Volatile  matter. 
Fixed  carbon . . . 
Ash 


Sulphur. 


Carbon  «  . . 
Hydrogen" 
Oxygen  « . . 
Nitrogen  « 
Sulphur... 
Ash 


Ultimate. 


Test  272. 


2.21 
32.55 
57.31 

7.93 


Teat  273. 


100.00 
1.28 


79.20 
5.00 
5.00 
1.38 
1.31 
8.11 


100.00 


2.89 
31.75 
56.93 

8.43 


100.00 
1.50 


78.49 
4.95 
4.07 
1.37 
1.54 


100.00 


Test  264. 


3.49 
32.94 
58.37 

5.20 


100.00 
1.06 


81.75 
5.17 
5.16 
1.43 
1.10 
5.39 


100.00 


Test  266. 


a  Figured  from  car  sample. 


3.14 
33.40 
57.93 

5.53 


100.00 
1.10 


81.45 
5.15 
5.13 
1.42 
1.14 
5.71 


100.00 
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OPERATIONS    OF   FUEL-TEbTlNG   PLANT   IN    1906. 


PR0DV0EX-aA8  TEST. 
Test  82,  West  VIrstnia  No.  20. 

Size  as  shipped,  ran  of  mine.    Size  as  used,  not  determined.    Duration  of  test,  60  hours. 

Average  electrical  horsepower 196. 3 

Average  B.  T.  U.  gas,  per  cubic  foot 156. 3 

Total  coal  fired pounds. .  12, 150 

GOAL  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PER  HOUR). 


Test  82. 


Coal  as 
fired. 


Dry  coal. 


Com- 
bustible. 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


1.31 
1.24 


1.12 
1.05 


1.39 
1.31 


1.18 
1.11 


1.29 
1.22 


1.09 
1.03 


1.36 
1.29 


1.16 
1.09 


1.19 
1.12 


1.01 
0.95 


1.26 
1.19 


1.07 
1.01 


ANALYSES. 


Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


Test  82. 


1.83 
32.94 
57.63 

7.60 


100.00 
1.71 


Test  82. 


Oaa  by  volume. 

Carbon  dioxide  (COt) 

Carbon  monoxide  (CO) . . . 

Hydrogen  (Hi) 

Methane  (CH«) 

Nitrogen  (Ni) 


8.3 
21.0 
13.1 

2.6 
55.0 


100.0 


WAflHlMO  TB8T. 
Test  135,  West  Tirgtnia  No.  20. 

Size  as  shipped,  run  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  usod,  Stewart  modified. 

Raw  coal pounds . .  49, 150 

Washed  coal do. ...  42,590 

Refuse do....    6,500 


TESTS — WEST  VIRGINIA. 
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ANALYSES. 


Test  135. 

Raw  coal. 

Washed 
coal. 

Moisture 

2.82 

32.20 

56.95 

8.03 

1.38 

5.70 

Volatile  matter 

Fixed  carbon 

Ash 

4  64 

Sulphu  r 

1.07 

OOKOrO  TESTS. 


Tent  80,  Went  Tlr«irinla  No.  20. 

Stzo  as  shipped,  run  of  mine.    Size  as  used, 
Tiriply  onished.    Raw.    Duration  of  test,  42  hours. 

Coai  charged pounds. .  12,000 

CoJce  produced do 8,385 

Bn»ezc  produced do 282 

Coke  produced per  cent. .    69. 88 

Breeze  produced do 2. 18 

Total  percentage  yield 72. 06 

Remarks.— Light  gray  and  silvery.    Fine  colce. 
Very  heavy.    High  yield  due  to  deposited  carbon. 

Teat  84,  VVeHt  Virginia  No.  20,  washed. 

31ze  as  shipped,  run  of  mine.    Size  as  used, 
finely  crushed.    Duration  of  test,  50  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 8,037 

Breeze  produced do 208 

Coke  produced per  cent    66. 98 

Breeze  produced do 1.  73 


Total  percentage  yield 68. 71 

Remarks. —Light  gray  and  silvery.  Breakage 
badly  cross-fractured  and  irregular,  but  coke  of 
good  foundry  size.  Results  do  not  warrant  wash- 
ing. Sulphur  and  ash  in  coke  from  raw  coal  are 
both  low,  and  coke  from  washed  coal  not  as  good, 
physically,  as  that  from  raw  coal. 


Te8t  87,  West  VIrgrinia  No.  20,  waahed. 

Size  as  shipped,  run  of  mine.    Size  as  used,  not- 
crushed.    Duration  of  test,  53  hours. 

Coal  chaiged pounds. .  12,000 

Coke  produced do 7,893 

Breeze  produced do 302 

Coke  produced per  cent . .    65. 78 

Breeze  produced do 2.52 

Total  percentage  yield 68. 30 

Remarks.— Light  gray  and  silvery.    Results, 
same  as  in  test  84.    Do  not  warrant  washing. 

Test  92,  West  Virgrinla  No.  20. 

Size  as  shipped,  run  of  mine.    Size  as  used, 
finely  crushed.    Raw.    Duration  of  test,  46  hours. 

Coal  charged pounds. .  12,000 

Coke  produced do 8,292 

Breeze  produced do 264 

Coke  produced per  cent . .    60. 10 

Breeze  produced do 2.20 


Total  percentage  yield 71. 30 

Remarks.— Light  gray  and  silvery.  Fine  coke. 
Very  heavy.  High  yield  due  to  deposited  carbon. 
Breakage  not  so  good  as  test  80.  Sulphur  a  little 
high. 


Test  80. 

Test  84. 

Test  87. 

Test  92. 

Coal. 

Coke. 

Coal.     1    Coke. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture 

3.79 

32.24 

56.49 

7.48 

1.44 

0.17 
1.08 
89.01 
9.74 
1.10 

5.34 

32.56 

57.00 

5.10 

1.09 

0.29 
0.46 
91.73 
7.52 
0.90 

4.47 

32.79 

57.87 

4.87 

1.02 

0.17 
0.81 
92.29 
6.73 
0.85 

3.01 

32.40 

56.60 

7.90 

1.62 

0.18 

Volatile  matter 

Fixed  carbon 

Ash 

0.67 
87.95 
11.30 

Sulphur 

1.30 
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OPERATIONS    OF    FUEL-TESTING    FLANT    IN    1905. 


WEST  VIRGINIA  NO.  81. 

Bituminous  coal  from  Gas  mine,  Winifrede  Coal  Company,  Winifrede,  Kanawha  County, 
W.  Va.,  on  the  Chesapeake  and  Ohio  Railroad. 

This  sample  consisted  of  run-of-mine  coal,  and  was  loaded  under  the  supervision  of 
Inspector  J.  W.  Groves.  The  following  tests  were  made:  Washing  test  No.  136,  coking 
tests  Nos.  82  and  91,  steaming  tests  Nos.  274,  275,  and  296,  and  steaming  test  on  washed 
coal  No.  267. 

Two  mine  samples  were  taken  from  this  mine  for  chemical  analysis,  as  follows:  No.  2377 
from  room  12  off  the  third  left  entry,  1,400  feet  southeast  of  the  drift  mouth;  No.  2378  from 
room  10  off  the  first  left  entry,  800  feet  southeast  of  the  drift  mouth. 

OHEMIOAL  AVALT8S8. 


Laboratory  number. 
Air-drying  loss 


Si 


Moisture 

Volatile  matter. 
Fixed  carbon.... 

JAsh 

|sulphur , 

Hydrogen , 

Carbon 


Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


STEAMDTO  TESTS. 


Test  274,  West  Virginia  No.  21. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch, GG.3 percent;  \  inch  to  1  inch,  15.7  percent; 
i  inch  to  i  inch,  10.8  per  cent;  under  \  inch,  7.2  per 
cent.  Duration  of  test,  7.30  hours.  Kind  of 
grate,  rocking. 

Test  J876,  West  Virginia  No.  581. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  44  per  cent;  }  inch  to  1  inch,  15.3  percent; 
i  inch  to }  inch,  11.5  percent;  under  i  inch,  29.2  per 
cent.  Duration  of  test,  9.05  hours.  Kind  of 
graU\  plain. 


Test  207,  West  Vlrfirinia  No.  21,  washed. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
I  inch,  36.2  percent;  )  Inch  to  1  inch,  26.6  pi»rcent; 
J  inch  to  i  inch,  17.7  percent;  under  i  inch,  19.5 per 
cent.  Duration  of  test,  10.02  hours.  Kind  of 
grate,  plain. 

Test  290,  West  Vlr«irlnla  No.  21. 

Size  as  shipped,  run  of  rame.  Size  as  used,  over 
1  inch,  40  per  cent;  \  inch  to  1  inch,  20  per  aniV,  \ 
inch  to  i  inch,  14.7  percent;  under  J  inch,  25.3  per 
cent.  Duration  of  test,  7.15  hours.  Kind  of 
grate,  plain. 


TESTS WEST    VIRGINIA. 

MISCELLANEOUS   ITEMS. 
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Teat  274. '  Test  275. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do...l 

Furnace  temperature ®  F. . 

Dry  coai  used  per  square  foot  of  grate  surface  per  hour, 
pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heat- 
ing surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired, 
pounds 

Water  evaporated  from  and  at  212  °  F.: 

Per  pound  of  coal  as  fired x>ounds.. 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


14,528  i       14,292 


0.49 

.13 

2,776 

21.50 

3.99 
111.9 

8.27 

9.94 
10.31 
10.87 
68.53 

2.85 
3.51 

2.74 
3.39 


0.54 

.11 

2,279 

16.50 

3.36 
94.1 

8.23 

9.80 
10.20 
11.05 
68.92 

2.88 
3.56 

2.77 
3.42 


Test  267. 


14,791 

0.40 

.10 

2,476 

16.87 

3.40 
95.4 

8.06 

9.67 
10.10 
10.64 
65.94 

2.92 
3.61  . 
I 
2.80 
3.46 


Test  296. 


14,274 

0.55 

.10 

2,561 

18.13 

3.63 
101.8 

8.11 

9.60 
10.03 
10.96 
67.86 

2.92 
3.60 

2.82 
3.48 


ANALYSES. 


Test  274. 

Test  275. 

Test  267. 

Test  296. 

Proximale. 
Moisture 

3.60 
36.30 
55.44 

4.66 

3.90 
34.31 
55.75 

6.04 

4.24 
36.46 
55.63 

3.67 

100.00 
1.07 

3.42 
34.26 
56  20 

Volatile  matter 

Fixed  carbon 

Ash 

6.12 

Sulphur .         .           

100.00 
1.03 

100.00 
1.13 

100.00 
1  22 

Uttimaif. 
Carbon  « ' 

80.77 
5.15 
6.62 
1.56 
1.07 
4.83 

79.43 
5.06 
6.52 
1.53 
1. 18 
6.28 

81.58 
5.19 
6.72 
1.56 
1.12 
3.83 

79.33 

Hydrogen  a 

5  04 

Oxygen  a 

6  51 

Nitrogen  o 

1  52 

Sulphur i  .  .  . 

1  26 

Ash 

6  34 

100.00 

100.00 

100.00 

100.00 

a  Figured  from  car  sample. 
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OPKRATIONS    OF    FUEL-TESTING    PLANT   IN    1905. 


WABHnra  test. 

Test  136,  Went  Virginia  No.  21. 

Size'  as  shipped,  mn  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  24, 000 

Washed  coal do....  22,000 

Refuse do....    2,000 

ANALYSES. 


Test  136. 

Raw  coal. 

Washed 
coal. 

Moisture 

3.57 
36.38 

6.35 

Volatile  matter 

Fixed  carbon  .     .                              .  .         ... 

55.20 
4.85 
1.32 

Ash : 

3.47 

Sulphur 

1.00 

OOKIHa  TESTS. 


Test  82,  West  Virstnia  No.  21. 

Size  as  shipped,  run  of  mine.    Size  as  used,  finely 
crushed.    Raw.    Duration  of  test  52  hours. 

Coal  charged pounds. .  12,000 

Ck)ke  produced do 8, 106 

Breeze  produced do 242 

Colce  produced per  cent. .    67. 55 

Breeze  produced do 2. 02 

Total  percentage  yield 60. 57 

JR^mariks.— Fine  coke.    Light  gray  and  silvery. 

Very  heavy.    High  yield  due  to  deposited  carbon. 

Good  foundry  coke. 

Test  91,  IVest  Virginia  No.  21,  washed. 
Size  as  shipped,  run  of  mine.    Size  as  used,  finely 


{  crushed.    Duration  of  test.  44  hours. 
I  Coal  charged pounds. 

Coke  produced do. . . 

Breeze  produced do. . . 

Coke  produced per  cent. 

Breeze  produced do . . . 


12,000 

7,816 

249 

65.13 
2.06 


Total  percentage  yield 67. 21 

/iefiiarA;^.— Light  gray  and  silvery.  High  yield 
due  to  deposited  carbon.  Breakage  very  irregu- 
lar, but  pieces  of  good  foundry  size.  Somewhat 
brittle.  Not  so  good  as  coke  from  raw  coal.  The 
raw  coal  and  resultant  coke  are  both  low  in  sul- 
phur and  ash  and  washing  is  of  no  commercial 
value. 


ANALYSES. 


Test  82. 

Test  91. 

Coal. 

-     3.55 

36.32 

55.18 

4.95 

1.23 

Coltc. 

Coal. 

Colte. 

Moisture 

0.24 

.81 

91.23 

7.72 

.98 

5.72 

36.54 

54.35 

3.39 

1.01 

0.55 

Volatile  matter 

1.03 

Fixed  carbon 

93.16 

Ash 

5.26 

Sulphur 

.76 

WYOMING  NO.  8. 

Bituminous  coal  from  Antelope  Nos.  1  and  2  and  Jumbo  mines,  Cambria  Fuel  Company, 
Cambria,  Weston  County,  Wyo.,  on  the  Burlington  system. 

This  sample  consisted  of  run-of-mine  coal  and  was  loaded  under  the  supervision  of  M.  R. 
Campbell,  of  the  United  States  Geological  Survey.  It  is  designated  as  Wyoming  No.  2  B 
in  the  following  tests:  Steaming  tests  Nos.  196,  210,  and  213,  and  produc>er-gas  test  No.  62.a 

Two  mine  samples  (Nos.  1376  and  1377)  were  taken  at  working  faces  at  widely  separated 
points  in  the  mine. 


oFor  tests  of  same  coed  received  during  1904  soe  Bull.  U.  S.  Oeol.  Survey  No.  261, 1905,  pp.  83, 115, 
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OHKMIOAL  ANALT8B8. 


Laboratory  number . 
Air-drying  Iom 


Moisture 

Volatile  matter 

Fixed  carbon 

JAah 

|Sulpliur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  thermal  units. . 


Mine  samples. 


1376 
4.70 

8.  GO 
37. 13 
32.37 
21.90 

4.04 


I 


5,394  '. 
9,709  i 


1377 
3.80 

9.23 
36.06 
33  72 
20.97 

4.33 


Car 
sample. 


2131 
4.50 

8.93 

36.62 

33.76 

20.79 

4.03 

4.88 

53.33 

.81 

16.16 

5,556 
10,001 


8TEAMIN0  TESTS. 


Tent  196,  IVyominir  No.  8  B. 

Sise  as  shipped,  run  of  mine.  Size  as  used,  over 
I  inch,  54.3 percent;  )  inch  to  1  inch,  18.4  percent; 
\  inch  to  i  inch,  14.5  percent;  under  \  inch,  12  8  per 
cent.  Duration  of  test,  9.88  hours.  Kind  of 
grate,  plain. 

Tent  210,  Wyomlnip  No.  2  B. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  34.8  per  cenf;  |  inch  to  1  inch,  21.5  per  cent; 


i  inch  to  i  inch,  20.4  percent;  under  \  inch,  23.3 per 
cent.  Duration  of  test,  10.06  hours.  Kind  of 
grate,  rocking. 

Test  213,  Wyomlnir  No.  2  B. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  40.4  percent;  )  inch  to  1  inch,  26.7  percent; 
\  inch  to  \  inch,  15.2  percent;  under  i  inch,  17.7  per 
cent.  Duration  of  test,  10.03  hours.  Kind  of 
grate,  rocking. 


MISCELLANEOUS    ITEMS. 


B.  T.  U.  per  pound  dry  coaL.l 


Heating  value  of  coal 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature ®F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds.. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212  ° P.: 

Per  pound  of  coal  as  fired ! do 

Per  pound  oldry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  hcrsepower  hour do 

Per  electrical  horsepower  hour do 


Test  196. 

Test  210. 

Test  213. 

10,888 

11,201 

10,751 

0.50 

0.68 

0.63 

.19 

.20 

a. 08 

1,950 

2,067 

2,228 

22.61 

25.66 

32.58 

2.83 

3.15 

3.56 

79.3 

88.3 

99.86 

4.83 

5.30 

4.72 

5.66 

6.19 

5.56 

6.27 

6.84 

6.10 

8.54 

9.01 

8.30 

55.61 

58.66 

54.79 

5.00 

4.57 

5.09 

6.17 

5.64 

6.28 

4.51 

4.13 

4.64 

5.57 

5.10 

5.72 

a  Forced  draft. 
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OPEKATION8    OF   FUEL-TESTING    PLANT    IN   1905. 


Proximate. 


Test  196. 


Moisture 9.64 

VolatUe  matter . . . . '  34. 75 

Pixed  carbon 34.68 

Ash 20.93 


Sulphur. 


100.00 
4.32 


Test  210. 


9.55 
35.75 
35.73 
18.97 


Test  213. 


i; 


8.94 
35.90 
33.70 
21.46 


100.00 
3.95  I 


100.00 
5.03 


Test  196. 1  Test  210. 


! I 

I  VHimate.  \ 

I  Carbon  a ' 

I  Ilydrc^eno 

I  Oxygen  « ' 

I  Nitrogen* 

I  Sulphur 

I  Ash 

I  ' 

I  I       100.00  I 


; 

58.01  1 

60.09 

57.08 

4.23 

4.39 

4.16 

8.93 

9.25 

8.80 

0.89] 

0.92 

0.87 

4.78  , 

4.37 

5.52 

23.16  1 

20.98 

23.57 

Test  213. 


a  Figured  from  ear  sample. 
PR0DV0ER-6AS  TEST 

Test  03,  Wyoinlnir  ^o.  »  B. 

Size  as  shipped,  run  of  mine.    Size  as  used,  over  1  inch,  59  per  cent;  \  inch  to  1  inch,  18  per  cent; 
\  inch  to  i  inch,  13  per  cent;  under  \  inch,  10  per  cent.    Duration  of  test,  49  hours. 

Average  electrical  horsepower 192. 9 

Average  B.  T.  U.  gas,  per  cubic  foot 146. 6 

'Total  coal  fired pounds. .  20,400 

COAL  CONSUMED  IN  PRODUCER  (POUNDS  PER  HORSEPOWER  PER  HOUR). 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Test  62. 

Coal  as     r),..,.oui  ! 
fired.    .  ^«  .»*<>«'• 


2.28 
2.  If)  I 


1.93  I 
1.83  , 


Com- 
bustible. 


1.59 
1..50 


1.77 
1.68 


1.35 
1.28 


2.40 

2.30 

1.68 

2.28  1 

2.09 

1.59 

2.05 

1.87 

1.43 

1.94 

1.77  , 

1.35 

Coal. 


Hoisture 

Volatile  matter. 
Pixed  carbon... 
Ash 


ANALYSES. 


Test  62. 


Sulphur. 


I' 
8.63  || 

36.81  |l 

32.83  II 

2L73  " 

II 


100.00 
4.47 


ChM  by  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) 

Hydrogen  ( Ht) 

Methane  (CHO 

Nitrogen  (Nj) 


Test  62. 


10.8 
18.2 
10.7 
3.3 
57.0 


100.0 
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WYOMING  NO.  8. 

Bituminous  coal  from  mine  of  Stilwell  Coal  Company,  Aladdin,  Crook  County,  Wyo., 
on  the  Wyoming  and  Missouri  Railroad. 

This  sample  consisted  of  xun-of-mine  coal  and  was  shipped  under  the  direction  of  M.  R. 
Campbell,  of  the  United  States  Geological  Sur>'ey.  The  following  tests  were  made:  Wash- 
ing test  No.  129,  coking  test  No.  52,  steaming  tests  Nos.  211  and  212,  steaming  test  on 
washed  coal  No.  223,  and  producer-gas  test  No.  69. 

Two  mine  samples  (Nos.  1976  and  1977)  for  chemical  analysis  were  taken  at  working 

faces  in  the  mine. 

OHEKIOAL  AVALT8E8. 


Mine  samples. 


Laboratorj'  numb<»r. 
Air-drying  loss 


Moisture 

Volatile  matter. 

Fixed  carbon 

(Ash 


1976 
11.80 

17.74 
37.64 
33.07 
11.55 


[Sulphur 

^  Hydrogen 

I  Carbon 

Nitrogen 

Oxygen 

Calorific  value  determined: 

Calories 

British  th«rmHl  units. . 


5,293 
9,527 


1977 
12.00 

18.42 
3(\.53 
34.95 
10.10 
6.73 


Boiler 

test 

sample. 

2278 
2.90 

15.12 
34.38 
33.83 
16.70 
6.66 
5.20 
48.16 
.70 
22.58 

4,960 
8,928 


8TEAMIKO  TESTS. 


Test  5J11.  Wyoming  No.  3. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch.  58.7  percent;  i  inch  to  1  inch,  17.3  percent; 
i  inch  to  i  inch,  11.6  jmt  cent;  under  \  inch,  12.4 
per  cent.  Duration  of  test,  10.05  hours.  Kind 
of  grate,  rocking. 

TeHt  SI 2,  Wyomliiir  >'»•  3. 

Size  as  shipped,  run  of  mine.  Size  as  used,  over 
1  inch,  51  per  ct»nt;  )  inch  to  1  Inch,  20.6  percent; 


I  )  inch  to  i  inch,  12.6  per  cent;  under  I  inch,  15.8 
per  cent.    Duration  of  test,  9.8  hours.    Kind  of 
I  grate,  rocking. 

I  Tent  283,  IVyoming  No.  3,  waMhe<1. 

I 

Size  as  shipped,  run  of  mine.    Size  as  used,  over 

1  inch,  27.9  percent;  )  inch  to  1  Inch,  21.3  percent; 
i  i  inch  to  i  inch,  20.5  per  cent;  under  \  inch,  30.3 

per  cent.    Duration  of  test,  8.95  hours.    Kind  of 
I  grate,  rocking. 


MISCELLANEOUS   ITEMS. 


Test  211.   Test  212.   Test  223. 


Ileating  value  of  coal B.  T.  U.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do 

furnace  temperature **  P., 

Dry^oal  used  per  square  foot  of  grate  surface  per  hour poimds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  jxt  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212**  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

a  Natural  and  forced  draft. 


10,519 

0.63 

.28 

1,917  ' 

18.96  I 

2.39  { 
67.0  , 
5.12 

5.96  , 
7.04 
9.17  I 


10,517 

0.45 
o.Ol 
2,142 
26.07 

3.15 
88.2 
4.95 

5.81 
6.73 


12,641 
0.59 


20.0 

2.89 
81.0 
5.54 

6.53 

8.07 

\  ^.^ 
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MISCELLANEOUS  ITEMS — continued. 


Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 

ANALYSES. 


Test  211. 

Test  212. 

Test  223. 

64.63 

61.80 

6L65 

4.73 

4.87 

4.33 

5.84 

6.01 

5.35 

4.02 

4.20 

3.50 

4.96 

5.19 

4.33 

Proximate. 

Moisture 

Volatile  matter... 

Fixed  carbon 

Ash 


I  Test  211. '  Test  212. 


I 
I 
15. 12  I 
34.36  I 
33.82  I 
16.70  I 


I 


13.60 
36.12 
34.07 
16.21 


Test  223, 


19.08 
36.58 
37.56 
6.78 


I  Test  211. '  Test  212. 


I      100.00  f 


Sulphur. 


100.00 
7.90  I 


100.00  I 

4.26  ,1 


Ultimate. 

Carbon  a 

Hydrogen  <» . . . 

Oxygen  o 

Nitrogen  o 

Sulphur 

Ash 


Test  223. 


56.73 
4.15 

10.77 
0.83 
7.85 

19.67 


56.44 
4.12 

10.72 
0.82 
9.14 

ia76 


1 

100.00  '      100.00 

I 


67.60 
4.94 

12.83 
0.99 
5.26 
8.38 


100.00 


o  Figured  from  car  sample. 

PR0DV0ER-6A8  TEST. 
Test  09,  Wyomlngr  No.  3. 

Sire  as  shipped,  run  of  mine.    Sire  as  used,  over  1  inch, -59  per  cent;  \  inch  to  1  inch,  15  per  cent; 
J  inch  to  \  Inch,  12  per  cent;  under  J  inch,  14  per  cent.    Duration  of  test,  47  hours. 

Average  electrical  horsepower 193. 1 

Average  B.  T.  U.  gas,  per  cubic  foot 160. 9 

Total  coal  fined pounds . .  17, 400 

COAL  CONSUMED   IN   PRODUCER    (POUNDS   PER   HORSEPOWER    PER   HOUR). 


Test  69. 


Coal  as        Dry 
fired.  coal. 


Per  electrical  horsepower: 

Available  for  outside  purposes ' 

Developed  at  switch  board j 

Per  brake  horsepower:  I 

Available  for  outside  purposes ' 

Developed  at  engine I 

Equivalent  used  by  producer  plant.  | 

Per  electrical  horsepower:  ! 

Available  for  outside  purposes 

Developed  at  switch  board , 

Per  brake  horsepower:  ' 

A vaila'Me  for  outside  purposes 

Developed  at  engine i 


2.05 
1.92  I 

1.74 
1.63 


2.19  I 
2.04  I 


1.86 
1.74 


1.78 
1.67 


1.52 
1.42 


1.90 
1.78 


1.62 
1.51 


Combus- 
tible. 


1.47 
1.37 


1.25 
1.17 


1.57 
1.46 


1.33 
1.24 


TE8T8 WYOMING    AND    ALASKA. 

ANALYSES. 
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Test  (i9. 


ToBtfiy. 


Coal.  I 

Moisture I  13. 02 

Volatile  matter i  37.  .56 

Fixrd  carbon ;  34. 05 

Ash 15. 37 

i 

!  100.00  , 

I 

Sulphur 7.m  I 


I  I 

Oas  by  volume.  i 

Carbon  dioxide  (COj) : 

Carbon  monoxide  (CO) ' 

I  Hydrogen  ( H j) j 

i  Methane  (CHi) 

I  Nitrogen  (Nj) ' 

I 


11.1 
19.8 
13.3 
3.5 
52.3 

100.0 


WA8EIFC   TEST. 
TeMt   120,  WyorainK,  No.  3. 

Size  a.s  shipped,  run  of  mine.    Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart  modified. 

Raw  coal pounds. .  24, 120 

Washed  coal do. ...  20,060 

Kefusi- do- . . .    4,060 

ANALYSES. 


Test  129. 
Raw  coal. 


Washed 
coal. 


15. 12       19. 16 
34.36  I... 

33.82  1 

16.70       6.52 
6.66  '       4.16 

1 

Moisture ' 

Volatile  matter I 

Fi  xed  carbon j 

Ash 

Sulphur ' 

I 

OOKIKG  TESl. 
Test  5*/i,  W'yoiiiiiifj^  No.  3,  waslicNl. 

Size  as  shipped,  run  of  rainr*.    Size  as  used,  finely  crushed.     Duration  of  test,  27  hours. 
Remarki.So  coke  product?d. 

ALASKA  COAL.' 

Coal  from  Bering  River  field. — The  Bering  River  coal  field  ^  is  located  near  Controller  Bay, 
on  the  Pacific  coast  of  Alaska,  in  latitude  60°  20'  to  60°  30'  N .  and  longitude  143°  15'  to 
144°  45'  VY .,  and  covers  an  area  of  about  70  square  miles,  including  25  square  miles  of  anthra- 
cite and  45  miles  of  semibituminous  coking  coal.  The  seanLs  are  numerous  and  very  large 
(several  exceeding  20  feet  in  thickness).  The  average  quality  of  the  Bering  River  coal  is 
excellent,  several  of  the  seams  being  remarkably  low  in  both  ash  and  sulphur. 

This  coal  is  not  now  available  for  sale  in  any  market,  but  there  are  prospects  of  transporta- 
tion soon  being  provided  to  tide  water  on  Controller  Bay,  Katalla  Bay,  or  Prince  William 
Sound. 

Coal  from  Matanuska  River  field. — The  Matanuska  coal  field  c  is  located  about  30  to  75 
miles  northeast  of  Cook  Inlet,  Alaska,  in  latitude  61°  40'  to  62°  N.  and  longitude  148°  to  149° 
10'  W.,  and  covers  an  area  of  at  least  70  and  possibly  several  hundred  square  miles  of  coal  in 
the  Matanuska  Valley.  The  deposits  include  anthracite,  semibituminous  coking  coal,  and 
a  lower  grade  of  bituminous  coal.  The  seams  are  of  good  thickness  and  well  situated  for 
mining.  Transportation  to  Resurrection  Bay  on  the  Pacific  coast  and  into  the  interior  may 
soon  be  provided  by  the  Alaska  Central  Railway,  now  under  construction. 

oThe  analyses  given  herein  are  all  of  field  samples  collected  l)y  Mr.  G.  C.  Martin, 
ft  See  Martin,  O.  C,  Bull.  U.  S.  Geol.  Survey  No.  225, 1904,  pp.  3l)5-3«2;  l^o.2».\W&,^^.\\-«»\  ^Q.'Kft> 
1905,  pp.  140-150:  No.  284.  1906,  op.  65-77. 
€Bee Martin,  O.  C,  Bull.  U.  S.  Geol.  Survey  No.  284.  1906.  pp.  88-100;  l*o.2aftA«». 
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OPERATIONS    OF    FUEL-TESTING    PLANT    IN    19U5. 


OHEKIOAL  ANALYSES. 
BERING   RIVER   COALS. 


Laboratory  number 2490 


2488 


ThicknesR  of  coal  Ream Icet. . 

Air-drying  loss per  cent. . 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do — 

Sulphur do 


6. 


3.70  I 
4.35  I 
11.97  I 
73.34  j 
10.34  I 
1. 13  ! 


10 
5.20 
6.03 
12.98 
78.40 
2.59 
.70 


2493 


Laboratory  nimib«»r '    2494 


Thickness  of  coal  seam feet. . 

Air-drying  loss per  cent. . 

Moisture do 

Volatile  matter do 

Fixed  carbon do 

Ash do — 

Sulphur do 


17  1 
3.90  \ 
4.94 
13.34  I 
77.29  I 
4.43  I 
.83 


18 
1.90 
2.68 
11.06 
73.31 
12.95 
5.27 


8.6 
5.10 
5.84 
11.74 
CO.  21 
22.21 
3.36 


2495    I    2486 


2492 


2491 


31 

27 

4.60 

3.00 

5.66 

4.23 

13.65  i 
76.81  I 
3.88  > 

.77  1 


14.03 

79.75 

1.99 

.96 


I 


I 


1.30  I 
2.11; 
16.58 
79.68  ; 
1.63  1 
.78  i 


15  I 
5.20  I 
5.93  I 
6.76  I 
81.47  I 
5.84  j 
.82 


4.7 

6.20 
7.26 
6.64 

75.89  ! 

10.21  ' 
1.27  I 


11 
3.70 
4.22 
13.37 
78.80 
3.61 
1.56 

2485 


2.17 
1.90  ' 
3.74  I 
5.41  I 
85.92 
4.93  ! 
1.10 


19.6 

5.40 

'   .5.95 

13.01 

76.12 

4.92 

.(il 

2478 

2.67 
4.70 
7.67 
5.78 
66.03 
20. 52 
2.90 


No.  2490. 
No.  2488. 
No.  2493. 
No.  2405. 
No.  2486. 
No.  2492. 
No.  2491. 
No.  2494. 
No.  2497. 


Opening  at  lower  end  of  gorge  on  Tokun  Creek. 

Christopher's  opening  on  branch  of  Dick  Creek. 

Christopher's  lower  tunnel,  Dick  Creek. 

Opening  on  lower  seam,  Queen  Creek. 

Opening  on  upper  seam,  Queen  Creek. 

Carbon  Creek  tunnel. 

Tunnel  near  mouth  of  Carbon  Creek. 

South  branch  of  Queen  Cn-ek. 

Kushtaka  River,  turnel  710  feet  above  Lake  Kushtaka. 


Laboratory  number. 


Thickness feet. .  2. 85 

Air-drying  loss per  cent. .  1.  .50 

Moisture do. . . .  i  4. 43 

Volatile  matter do ■  10. 14 

Fixed  carbon do. ...  I  80. 78 

Ash.: do.... I  4.65 

Sulphur do '  .51 

Calories I  7.578 

British  thermal  units I 


1.5+  I 
6.10  I 
8.33 
6.36  I 
82.00  i 
3.31 

1,11 ; 


.5.25 
.5.00 
7.94 
9.20 
78.53 
4.33 
.79 


10 
7.00 
8.31 
7.12 
82.43 
2.14 
l.a5 


2483 


2484 


10.  .5 
13.20  ] 
13.89 

5.01 

73.87 

I 
7.23 

.82 

6,743  I 

12,137  i 


33 

5.40 
6.34 
14.29 
69.  .55 
9.82 
.04 


No.  2489.  Cunningham's  upper  tunnel,  Trout  Cret^k;  tunnel  across  from  house. 

No.  2490.  Opening  at  north  end  of  Hunt's  hillside  trail,  Carbon  Mountain. 

No.  2487.  Lower  scam  east  side  Carbon  Mountain. 

No.  2485.  Gulch  at  head  of  First  Berg  Lake,  Carbon  Mountain. 

No.  2478.  Gulch  at  head  of  Fourth  Berg  Lake,  Carbon  Mountain. 

No.  2479.  Near  crest  (west  .side)  of  Carbon  Mountain,  Iwtwecn  trails. 

No.  2480.  Eastern  opening,  hillside  trail,  east  side  of  Carbon  Mountain. 

No.  2481.  Crest  of  Carbon  Mountain,  50  feet  above  sample  No.  2479,  Iwt  we«»n  Hunt's  and  Green's  trails. 

No.  2482.  South  end  of  hillside  trail,  west  side  of  Carbon  Mountain. 

No.  2483.  Western  opening,  hillside  trail,  e^st  side  of  Carbon  Mountain. 

No.  2484.  Trout  Creek  tunnel,  one-fourth  mile  below  house. 


TESTS ALASKA    AND   BRAZIL. 
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MATANU8KA    CX)ALS. 


Laboratory  number 

2217 

2221 

2225 

2226 

2223 

2214 

2216 

Thickness  of  coal  seam 

feet.. 

5 

11.7 

6 

2.6 

1 

7 

7 

Air-drying  loss 

percent.. 

0.80 

4.60 

(») 

(«) 

(«) 

1.60 

l.OO 

If  oisture 

do.... 

2.24 

10.05 

4.03 

5.56 

2.50 

4.36 

2.46 

Volatile  matter 

do.... 

23.08 

36.05 

34.84 

36.52 

28.32 

18.92 

17.01 

Fijced  carbon 

do.... 

70.21 

48.90 

49.31 

51.32 

58.82 

61.19 

53. 2S 

Ash 

do.... 

4.47 

5.00 

11.82 

6.60 

10.36 

15w53 

27.30 

Sulphur 

do.... 

.» 

.25 

.38 

.42 

.58 

.37 

.84 

Laboratory  number 

2215 
12.3 

2218 

2219 

2220 

2222 

2224 

2227 

Thickness  of  coal  scam 

feet.. 

9.9 

8.6 

7.9 

38 

3.3 

5.2 

Air-drying  loss 

percent.. 

l.CO 

1.80 

4.10 

1.90 

(») 

(») 

(«) 

Moisture 

do.... 

2.58 

2.93 

6.74 

2.90 

2.55 

6.60 

0.9O 

Volatile  matter 

do.... 

19.14 

21.85 

14.96 

17.47 

7.08 

34.30 

19.  GO 

Fixed  carbon                 ^ 

do 

67.46 
10.82 

63.09 
12.13 

65.83 
12.47 

56.15 
23.48 

84.32 
6.05 

48.23 
10.87 

74.60 

Ash 

do.... 

4.90 

Sulphur 

do.... 

.57 

.50 

.44 

.46 

.57 

.41 

.60 

Calories 

6,649 

7,617 

6,299 

8.260 

a  Sample  too  small  to  be  air  dried  accurately. 

No.  2217.  Coal  Creek,  three-fourths  mile  above  Matanuska  River. 
No.  2221.  Tsadaka  Creek,  4^  miles  above  trail. 
No.  2225.  Tsadaka  Creek,  4  miles  above  trail. 
No.  2226.  West  bank  of  Eska  Creek,  3  miles  above  trail. 
No.  2223.  West  bank  of  Young  Creek,  3  miles  above  trail. 

No.  2214.  South  bank  of  Matanuska  River,  3  miles  above  mouth  of  Chickaloon  Creek. 
No.  2216.  Watson's  tunnel  No.  3,  Chickaloon  Crock. 
No.  2215.  Watson's  tunnel  No.  2,  Chickaloon  Creek. 
No.  2218.  West  bank  of  Kings  Creek,  at  upper  bridge. 

No.  2219.  Coal  Creek,  three-fifths  mile  above  Matanuska  River.    Sample  package  not  sealed. 
No.  2220.  Watson's  tunnel  No.  5,  Chickaloon  Creek. 

No.  2222.  Matanuska  Valley  (north  side)  between  Boulder  and  Hicks  creeks,  about  18  miles  from 
Chickaloon  Creek.    Small  sample. 
No.  2224.  Eska  Creek,  3  miles  above  trail. 
No.  2227.  Watson's  tunnel  No.  2,  Chickaloon  Creek. 


RRAZIL  NO.  1. 

Run-of-mine  coal  from  mines  near  Sao  Jeronymo,  about  30  miles  west  of  Porto  Alegre, 
in  the  stat<*  of  Rio  Grande  do  Sul,  Brazil.  The  bod  has  a  thickness  of  nearly  6  feet  and  is 
usually  separated  into  two  nearly  equal  portions  by  a  stratum  of  black  clay  or  slate,  which 
varies  from  4  inches  to  2  feet  or  more  in  thickness.  The  rocks  which  hold  the  Brazil  coal 
consist  of  alternate  layers  of  gray  sandstones  and  shales  having  a  thickness  of  300  to  400 
feet.  The  flora  found  in  connection  with  them  appears  to  place  them  at  the  very  top  of 
the  Carboniferous  beds,  either  in  the  Permian  or  "Permo-Carboniferous."  The  bed  from 
which  this  sample  was  taken  occurs  near  the  summit  of  the  coal-bearing  series.  It  is 
found  over  a  wide  area  in  the  state  of  Rio  Grande  do  Sul  and  appears  to  extend  north- 
ward through  the  state  of  Santa  Catharina,  where  it  has  been  mined  in  the  Tubarao  district. 

This  sample  was  supplied  by  the  Brazilian  Government  through  Dr.  I.  C.  White,  State 
geologist  of  West  Virginia,  and  was  tested  to  furnish  data  that  will  serve  as  a  basis  for  an 
investigation  of  coals  now  undeveloped  in  West  Virginia  and  other  States,  which  are  similar 
in  character  and  geologic  age. 
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OPERATIONS   OF    FUEL-TESTING    PLANT   IN    1905. 


BTSAMIHO  TESTS. 


Tent  172,  Brazil  No.  1. 


TeKt  173,  Brazil  No.  1. 


Size  as  used  (average  diameter),  1.42  inches.  {      Size  as  used  (average  diamt^ter),  1.26  inches. 
Duration  of  test,  5.35  hours.    Kind  of  grate,  plain.  ;  Duration  of  test,  5.G0  hours.    Kind  of  grate,  plain. 

MISCELLANEOUS    ITEMS. 


Heating  value  of  coal B.  T.  U.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

.  Above  fire do — 

Furnace  terapcratu re ^'F . . 

Dry  coal  used  per  square  foot  of  grato  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per 
hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  172. 

Test  173. 

10,028 

9,830 

0.65 

0.59 

.16 

«.03 

1.900 

1,858 

22.61 

24.93 

2.62 

3.03 

73.38 

85.0 

4.48 

4.67 

5.16 

5.43 

5.80 

(i.09 

8.43 

8.94 

55.  a5 

69.02 

5.48 

5.21 

0.77 

0.43 

4.88 

4.64 

6.02 

5.73 

a  Forced. 
ANALYSES. 


'  Test  172. 1  Test  173. 


Proximate.  i 

Moisture '  10. 92 

Volatile  matter |  27. 06 

Fixed  carbon i  37. 49 

Ash I  24.53 

100.00 

Sulphur j  2. 09 


10.87  I 
26.00  I 
38.32  I 
24.81  I 


1 

100.00  I 

4.04  I 


Test  172. 


I 


Ultimate. <i 


Carbon 

Hydrogen. 
Oxygen. . . 
Nitrogen.. 
Sulphur... 
Ash 


d  Figured  from  car  sample. 


Test  173. 


50.70 

55.23 

3.71 

3.61 

8.08 

7.86 

.95 

.93 

3.02 

4.53 

27.54 

27.84 

TESTS BRAZIL. 
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PRODUCER-OAS  TEST. 

Test  44,  Brazil  No.  1. 

Duration  of  test.  24  hours. 

Average  electrical  horsepower 141. 8 

Average  B.  T.  U.  gas,  per  cubic  foot 130.9 

Total  coal  fired pounds. .  8, 100 

COAL  CONSUMED   IN   PRODUCER   (POUNDS   PER   HORSEPOWER   PER  HOUR). 

Test  44. 


Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 

Equivalent  used  by  producer  plant. 

Per  electrical  horsepower: 

Available  for  outside  purposes 

Developed  at  switch  board , 

Per  brake  horsepower: 

Available  for  outside  purposes 

Developed  at  engine 


Coal  as  iD-vcoali     ^<>'"' 
fired.      "'^y^^^'lbustible. 


2.03 

2.35 

1.73 

2.38 

2.12 

1.56 

2.24 

1.99 

1.47 

2.02 

1.80 

1.33 

2.88 

2.56 

1.89 

2.60 

2.32 

1.71 

2.45 

2.18 

1.01 

2.21 

... 

1.45 

Coal. 


Moisture 

Volatile  matter. 
Fixed  carbon... 
Ash 


Sulphur. 


Test  44.  I 


r 

10.90  j 
26.78  I 
38.82  I 
23.44   I 


100.00 
2.94 


Test  44. 


Oas  by  volume. 

Carbon  dioxide  (COj) 

Carbon  monoxide  (CO) 

Hydrogen  (II,) j 

Methane  (CHO 

Nitrogen  (Ni) 

Oxygen  (Oj) 


11.5 
15.9 
10.8 
2.9 
58.8 
.1 

100.0 


INDEX. 


Acme,  W.  Va.,  coal  from,  analyses  and  tests 

of 21*^221 

samples  from,  data  concerning 26.27,218 

Adler,  Curt,  work  of 36 

Aladdin,   Wyo..  coal  from,  analyses  and 

tests  of 227-229 

sample  from,  data  concerning 26, 27, 227 

Alaska  coal,  analyses  and  description  of. .  229-231 

note  on 11 

samples  of,  data  concerning 26, 27, 229 

Analyses,  chemical.  See  Chemical  analyses. 
Antelope  Nos.  1  and  2  mines,  Wyoming,  coal 

from,  analyses  and  tests  of 224-226 

samples  from,  data  concerning 26, 27 rtlU 

Anthracite  coal,  occurrence  of.  in  Alaska. . .      229 
Appropriation  for  investigation,   amount 

and  conditions  of 5 

Arens,  IIenr>%  work  of 34 

Arkansas,  briquettes  made  of  coal  from, 

tests  of 48 

Armstrong,  C.  L.,  work  of 36 

Belden,  A.  W.,  report  by,  on  coking  tests . .  38-39 
Benton  Coal  Company.  Benton,  111.,  coal  of. 

analyses  and  tests  of 76-79 

sample  from,  data  concerning 20, 21 ,  76 

Bering  Kiver  coal,  .\laska,  analyses  and 

description  of 229-231 

samples  of,  data  concerning 26, 27, 229 

Bertha  mine.  Bruce,  Pa.,  coal  from,  analyses 

and  tests  of 183-186 

sampto  from,  data  concerning 24.25,183 

Big  Black  Mountain.  Kentucky,  coal  from, 

analyses  and  te.sts  of 123-125 

samples  of,  data  concerning 22,23. 123 

Big  Muddy  Coal  and  Iron  Company,  Illinois, 

coal  of,  analyses  and  tests  of S5-88 

sample  from,  data  concerning 20,21.85 

Binders  for  briquettes,  list  of 41 

requisites  for 44-45 

test  s  of,  report  on 42-45 

Bituminous  coal.    See  Coal    under    State 

names. 
Boonville,  Ind..    coal    near,    analyst's   and 

tests  of 94-97 

sample  from,  data  concerning 22. 23, 94 

Bradley.  Ohio,  coal  from,  analyses  and  t<»st8 

of 147-150 

sample  from,  data  concerning 24. 25, 147 

Brazil  coal,  analyses  and  tests  of 231-233 

sample  of,  data  concerning 26,27.231 

gas  from,  analyses  of 233 


Pi«e. 
Brecken ridge,  L.  P.,  report  by,  on  steaming 

t<*sts 33-35 

Bpptr,  VV.  Va.,  coal  from,  analyses  and  tests 

of 199-200, 210-213 

sample  from,  data  concerning. .  26, 27, 190, 210 

Briquettes,  analyses  of 46 

binders  for,  list  of 41 

requisites  for 44-45 

tests  of,  report  on 42-45 

es8(>ntial  features  of 47 

tests  of 48 

Briquettes,     peat,     from     Massachusetts, 

analyses  and  test  of 133-435 

samples  of,  data  concerning 22, 23, 133 

Briquettlng,  bibliography  of 48-52 

Briqui*tting  tests,  equipment  for 40 

general  results  of 9 

persons  engaged  In 40 

report  on 40-52 

Bruce, Pa., coal  from,analy8es  and  tests  of.  183-186 

sample  from,  data  concerning 24,25, 183 

Buildings  occupied  for  tests,  location  and 

equipment  of 5-7 

Burreli,  G.  A.,  work  of 30 

Burrows,  J.  8.,  work  of 23-27,57, 

63. 69, 82, 85, 97, 100, 102, 123, 
lar  175. 178. 186, 180.206,208 
Burrows,  J.  S.,  and  Parker,  E.  W.,  report 

by,  on  field  work 15-28 

Bush,  111.,  coal  from,  analyses  and  tests  of . .  74-76 
Bush  No.  1  mine,  Bush,  111.,  coal  of,  analyses 

and  tests  of 74-76 

sample  from,  data  concerning 20,21,74 

California  lignite,  analyses  and  tests  of 53-54 

sample  of.  data  conct*mlng 20, 21 ,  .53 

Cambria  Fuel  Company,  Cambria,  Wyo., 

coal  from,  analyses  and  tests  of . . .  224-226 

sample  of.  data  concerning 26. 27. 224 

Campbell.  M.  R.,  work  of 16.23, 

25.119,135,138.224.227 
Capital   Coal   Company,   Illinois,  coal  of, 

analyses  and  tests  of 79-82 

sample  from,  data  concerning 20.21, 79 

Carbon  Cmi>k,  Alaska,coai  from,  analyses  of.      230 
Carbon    Mountain,     Alaska,    coal    from, 

analyses  of 230 

Carterville.  III.,  coal  near.  analysr>s  and  tests 

of 69-74 

sample  from,  data  concerning 20,21,60 

Cedar  Coulee,  North  Dakota,  lignite  from, 

analyses  and  tests  of 136-137 

samples  from,  dat«  concerning 22. 23, 136 

235 
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Central  mine,  Central  City,  Ky.,  coal  from, 

AiuU  j-iR^iS  and  t^^sr  s  of 128-131 

aamplos  f rom ,  'I u la  concerning 22,23,138 

Cfitvt  niUft  J U ,  ,tH>« I  f  rotTi  .analyses  and  tests  of  82-86 

aampk'  from,  ilullt  eoncomlil^ 20,21,82 

Chemical  tk  nwly sra .  A  la^ka  coal 230, 231 

Calilornift  ligrilli* 53,54 

gas  from  coals.    Srf  name  of  State  fur- 
nishing coal. 

Illinois  coal 55-03 

Indiana  coal 94-118 

Kansas  coal 1 19 

Kent  ucky  coal". 121-131 

Maryland  coal 131 

Massachusetts  peat 134 

North  Dakota  lignite 135-139 

OhkuHHil  140-166 

Fen  nsy  I  ViinJji  eoai 167-186 

VinSinlacoaJ 186-199 

Wl^sI  Virignlwcnal 199-222 

W  yqitihig  ciinl .  225,227 

Chemical  imalypn'is  of  pi*at 134 

Chemical  luhomtocy,  pt-fsonni ]  of 30 

work  f>I,  Report  oti 29-30 

Chickaloon  Creek,  Alaska,  coal  from,  analy- 
ses of . 231 

Cinder*,  ftriHrlyiws  of    54 

use  nf,  with  llgiilt^' 53-54 

Clarion  mine.  Clarion,  Ohio,  coal  from,  anal- 
yses and  tests  of 102-106 

simr^U"  from,  dutii  concrrtiini; 24,25,162 

CUrk^lmriT,  W.  Vn,,  toal  near,  analyses  and 

tests  of 206-208 

sample  from,  data conw ml ng  26,27,206 

Clover  Leaf  Coal  Company,  Illinois,  coal  of, 

analyses  and  tests  of 54-57 

sjinHJJr  froiji,  ilatji  vtmo^rnsng  20,21,54 

Coal.    See  Sltilo  nanw&- 

Coal.  bituminous,  steaming  tests  of,  n'port 

on 35 

Coal  Croek,  Alaska,  coal  from,  analyses  of. .      231 
Cobum  mine,  Toms  Creek,  Va.,  coal  from, 

analyses  and  tests  of 193-19('» 

sample  from,  data  concerning 20,27,  IM 

Coffeen  mine,  Colleen,  III.,  coal  of,  analyst^^s 

and  tests  of 54-57 

sample  from,  data  concerning 20,21,54 

Coke,  analyses  of CO,  74, 79, 

88,  99;  ](yj,  la's,  106.  IM,  19,  123,  125,  128, 
131, 133, 142,  144, 147, 150, 153, 156, 159, 162, 
!G6, 171, 175, 178, 183,  180,  189, 193,  im,  199, 
200,  203,  200,  208.  210,  213,  215,  217,  221, 224 

Coking  tests,  equipment  for 38 

Illinois  coal         00,74, 79,88,94 

Indiana  coal 97,99, 102,  la"},  108, 114, 119 

Kentucky  coal 123, 125, 128, 131 

Maryland  coal 133 

mt'tbnds  of  ma  king. 38-39 

numljcr  and  extent  of 39 

Ohio  coal..  142.144,147,150,153,150,159,102,100 
IVTin!^yiviiniiifO!i]     ..  171,175,178,181,183,180 

per*oii3  ongi&giHl  in 38 

report  on 38-39 

Virginia  coal 189, 193, 19<i,  199 

West  Virginia  coal 200, 

^tt?,5O6,2W,2J0,212,213,215.217,221,224 
Wyoming  coal 229 


Page. 

Coking  tests  on  washed  coal 60,79, 

142, 144,147, 156, 159, 171, 175, 178, 
183, 193,  200,  210, 212,221,224,229 
Collins,  Justus,  coal  furnished  by,  data  con- 
cerning    22,23, 126 

ColUnsvllle,  III.,  coal  near,  analyses  and 

tests  of 57-60 

?i.irn  pU'  froiHi  dalaconci^min^ 20,21,57 

Consolidated  Coal  Company,  Illinois,  coal 

of,  test  of 48 

Cofisoliditti^dCciiilfnmriiny  North  Dakota, 

coal  <jf .  jiniiiysefl  jiod  tests  of 135-136 

snmplrs  f  rom,  da  lA  concenilng 22,23, 153 

ConsoiicJatfHl  Indi^lfut  CojU!ojiipiiiiy.  Indi- 
ana, coiLluf,  iLnuly?<i^£)  iind  tents  of. .  97-105 

samples  from,  diilitconceniing 22,23,97 

Crab  Orchard,  Va.,  coal  from,  analyses  and 

tests  of 186-193 

sample  from,  data  concerning 24, 

25,26,27,186,189 
Crow  Hollow  mine,  Ohio,  coal  from,  analy- 

apa  ninl  loi^ts  of 147-150 

sdiiipJj'  from,  ilutu  concerning 24,25,147 

Danford,  Ohio,  ooal  from,  analyses  and 

tests  of 156-159 

ij;iui;jti'  fmm,  i  Jul :i  concerning 24,25,156 

Darby  mine.  Darby,  Va.,  coal  from,  analy- 
ses and  tests  of 190-199 

y.inipU"  froiTif  di^taconorrninp 26,27,196 

Daw's  shafij  Curt^rviDr,  111.,  coal  from, 

anjilyfles  wnil  to*ta  of 69-74 

aamplf  from  ^  d^  ta  contM^ni  i  n^ 20, 21 ,  60 

Deep  Vein  Coal  rptnpany  Indiana,  coal  of, 

amily^^  and  testa  of 108-111 

sample  from,  data  concerning 22,23,108 

D*'laiio.  L.  A.,  work  of 36 

Df?ringCO{il  Compuny  Illinois, coal  of,  anal- 
yses a  ijil  H'st*t  of 60-62,66-69 

**nnip[f*  fr<>TTi.  M  iT  i  concerning 20,21,60 

Dick  Creek,  Alaska,  coal  from,  analyses  of. .  230 
Dixie  mine,  Dixie,  Ohio,  coal  from,  analyses 

and  tests  of 159-162 

sample  from,  data  concerning 24,25,150 

Dugger,  Ind.,  coal  from,  analyses  and  tests 

of 110-119 

sample  of,  data  concerning 22.23, 116 

East  MUlsboro,  Pa.,  coal  from,  analyses  and 

tests  of 172-175 

sample  from,  lUUji  <'orin?ming. . 24,25, 172 

Ecker.  II.  G.,  work  of. 36 

Ehrenfeld,    Pa.,  coal   from,   analyses  and 

tests  of 178-181 

sample  from,  data  concerning 24,25,178 

Elkins  Coal  Company,  Bretz,  VV.  Va.,  coal 

of,  analyses  and  t«^sts  of . .  199-200,210-213 
sample  from,  datii  conceming. .  20,27, 199,210 
Ellsworth,   Pa.,  coal  from,  analyses  and 

tests  of 169-171 

sample  from,  data  concerning 24.25,109 

Equipment  of  fiicl-trHlinE  plant,  iU'ms  of. .  6-7 
E  sk  u  Cn*  k ,  A  hi  iika,  ctui  1 J  roiii ,  i\nn  1  >-  s*^  s  of , .  231 
Fairmont  Coal  Company    We^t   Virginia, 

coal  of  analy^Mflnrl  t^'isit-^  of 200-210 

samples  from,  dota  concemirif:.  26,27,206,208 
Fauvre  Coal  Comtviny    Indiana,  coal  of, 

Hnalysf'S  wnd  l^stii  rf  111-114 

sample  lioiu ,  OL«L\«t  coTvcattvvtvg 22, 23,  111 
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Page. 
Femald,  R.  IL,  report  by,  on  producer  gas 

tests 36-37 

Field  work,  report  on 10-28 

Florida  peat,  tests  of,  reference  to 134 

Forsythe  mine,    Forsythc  Coal  Company, 
Ohio,  coal  from,  analyses  and  tests 

of 156-159 

sample  from,  data  concerning 24,25, 15C 

Fuel-testing  plant,  location  and  equipment 

of 5-7 

Fuels,  problems  concerning  utilization  of. .  10-11 
Funds  available  for  tests,  law  providing. . .         5 
Oallia  Mining  Company,  Ohio,  coal  of,  anal- 
yses and  tests  of 162-166 

sample  from,  data  concerning 24,25, 162 

Gait,  Ralph,  work  of 34 

Oas,  analyses  of.    See  name  of  State  fur- 
nishing coal. 
Qas  mine,  Wintfrede,  VV.  Va.,  coal  from, 

analyses  and  te.sts  of 222-224 

sample  from,  data  concerning 26,27,222 

Qilliam's   Rockhouse  prospect,  Kentucky, 

coal  from,  analyses  and  tests  of. .  12^125 

sample  from,  data  concerning 22,23,123 

Glen  Alum  mine,  Glen  Alum,  W.  Va.,  coal 

from,  analyses  and  tests  of 213-215 

sample  from,  data  concerning 26,27,213 

Glens  Run  Coai  Company,  Ohio,  coal  of, 

analyses  and  tests  of 151-153 

sample  from,  data  concerning 24,25,151 

Goodwin,  J.  G.,  work  of 36 

Goslin  and  Barbour  mine,  Ohio,  coai  from, 

analyses  and  tests  of 144-147 

sample  from,  data  concerning 24,25, 144 

Green,  C.  11.,  work  of 34 

Greensburg,  Pa.,  coal  from,  analyses  and 

tests  of 166-168 

sample  from,  data  concerning 24,25, 166 

Grine,  H.  A.,  work  of 36 

Groves,  J.  W.,  work  of 16, 

21-27,  54,  57, 74,  76, 91, 94, 108, 115, 116, 
120,  128, 131, 140.  144,  147,  151,456, 159, 
162,  166,  172,  196,  199,  210.  213,  218,  222 
H.  C.  Morris  prospect,  Virginia,  coal  from, 

analyses  and  tests  of 186-189 

samples  from,  data  concerning 24,25, 186 

Halifax,  Mass.,  peat  near,  analyses  and  test 

of 133-135 

sample  from,  data  concerning 22,23,133 

Hempelmann,  W.  L.,  work  of 36 

Herrin,  III.,  coal  from,  analyses  and  tests  of.  85-88 

sample  of,  data  conc«'rning 20.21,85 

Holmes,  J.  .\.,  report  by.  on  briquetting 

tests 40-52 

Howell,  S.  P.,  work  of 03 

Hustead-Seamens  mine,  Pennsylvania,  coal 

from,  analy.scs  and  tests  of 172-175 

sample  from,  data  concerning 24,25, 172 

Hymera.  Ind.,  coal  from,  analyses  and  te.st8 

of 100-105 

sample  of,  data  concerning 22.23, 102 

IlllPols  coal,  analyses  and  tes!  s  of 54-93 

ga^  from,  analyses  of 56, 

59, 62, 65, 08, 73, 78, 81 ,  84, 87, 90. 94 

samples  of ,  data  concerning 20-21 ,  22-23, 

54, 57, 60, 63, 66, 69, 74, 76, 79, 82, 85, 88, 91 


P»ge. 

Indiana  coal,  analyses  and  tests  of 94-1 19 

gas  from,  analyses  of )/t6, 

101,104,107,110,113,118 

samples  of,  data  concerning 22, 

23,94,97,102,105,106,111.115,116 
Interstate  Investment  Company,  Kentucky, 

coal  of,  analyses  and  tests  of 123-126 

sample  from,  data  concerning 22, 23, 123 

Interstate  Investment  Company,  Virginia, 

coal  of,  analyses  and  tests  of 186-193 

sample  from,  data  concerning 24, 

25,26,27,186,189 
Island   Coal  Company,   Indiana,  coal   of, 

analyses  and  tests  of 1 16-119 

sample  from,  data  concerning 22,23, 116 

J.  WooUey  Coal  Company,  Indiana,  coal  of, 

analyses  and  tests  of 94-97 

samples  from,  datr.  conoeming 22,23,94 

James  W.  Ellsworth  &  Co.,  Pennsylvania, 

coal  of,  analyses  and  tests  of 169-171 

sample  from,  data  concerning 24,25, 169 

Jamison  mine,  Jamison  Coal  and  Coke  Com- 
panj',    Pennsylvania,    coal    from, 

analyses  and  tests  of 166-168 

sample  from,  data  concerning 24, 2.5, 166 

Jumbo  mine,  Wyoming,  coal  from,  analyses 

and  tests  of 224-226 

sample  from,  data  concerning 26, 27, 224 

Kansas  coal,  analyses  and  test  of 119-120 

gas  from,  analyses  of 118, 120 

sample  of,  data  concerning 22.23, 119 

Kentucky  coal,  analyses  and  tests  of 120-131 

gas  from,  analyses  of 122, 125, 128, 130 

sample  of,  data  concerning 22. 23, 120, 123 

Keystone  mine.  Acme,  W.  Va.,  coal  from, 

analyses  and  tests  of 218-221 

sample  from,  data  concerning 26,27,218 

Kimraeiton   mine,    Kimmelton,    Pa.,   coai 

from,  analyses  and  tests  of 181-183 

sample  from,  data  concerning 24, 25, 181 

Kings  Creek,  Alaska,  coal  from,  analyses  of.      231 

Kreisinger,  Henry,  work  of 34 

Kushtaka  River,  Alaska,  coal  from,  analy- 
ses of 230 

Kuss,  R.  H.,  work  of. 34 

Laird,  J.  A.,  work  of 36 

La  Salle  County  Carbon  Coal  Company,  La 
Salle,  111.,  coal  of,  analyses  and  tests 

of 88-91 

sample  from,  data  concerning 20,21,88 

Law  authorif ing  Investigation,  terms  of . . .         5 
Lehigh  mine,  Lehigh.  N.  Dak.,  lignite  from, 

analyses  and  tests  of 135-136 

samples  from,  data  concerning 22,23, 135 

Lemmon,  W.  B.,  work  of 30 

Lignite,  California,  analyses  and  tests  of...  53-54 
Lignite,  North  Dakota,  analyses  and  tests 

of : . . .  135-139 

samples  of,  data  concerning. .  22.23,24,25, 135 
Ligonier   mine,   Ligonier,   Pa.,  coal  from, 

analyses  and  tests  of 175-178 

sample  from,  data  concerning 24,25,175 

Littles  mine,  Littles,  Ind.,  coal  of,  analy- 
ses and  tests  of 105-108 

sample  from,  data  concerning 22,23, 105  . 

Lord,  N.  W.,  report  by,  on  work  of  chemical 

laboratory Ta--^ 
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Loup  Creek  Colliery  Company,  Page,  W.  Va., 

coal  from,  analyses  and  tests  of. .  201-206 
samples  from,  data  concerning. .  20, 27, 201 ,  203 
Lumaghl  Coal  Company,  Illinois,  coal  oi, 

analyses  and  tests  of 57-00 

sample  from,  data  concerning 20, 21 ,  57 

McClure,  Clyde,  work  of 34 

McDonald  mine,  McDonald,   W.   Va.,  coal 

from,  analyses  and  tests  of 215-217 

sample  from,  data  concerning 20,27,210 

Machinery  used  in  tests,  list  of 0-7 

Macksville,  Ind.,  coal  from,   analyses  and 

tests  of 111-114 

sample  from,  data  concerning 22,23,  111 

Malcolmson,  C.  T.,  work  of 40 

Maryland  coal,  analyses  and  tests  of 131-133 

samples  of,  data  concerning 22, 23, 131 

Massachusetts  peat,  analyses  and  tests  of. .       11, 

133-135 

sample  of,  data  concerning 22, 23, 133 

gas  from,  analyses  of 134 

Matanuska  River  coal,  Alaska,  analyses  and 

description  of 22^231 

samples  of,  data  concerning 20, 27, 229 

Matthews,  R.  C,  work  of 34 

Miller  Creek,  Kentucky,  coal  from,  analyses 

and  tests  of 120-128 

sample  from,  data  concerning 22, 23, 126 

Mills,  J.  E.,  work  of 40 

Mine  samples,  collection  of 17-18 

Money  available  for  tests,  law  providing. . .         5 
Monongha  mine,  Monongha,  W.  Va.,  coal 

from,  analyses  and  tests  ot 208-210 

sample  from,  data  concerning 26.27,208 

Mount  Olive  and  Staunton  Coal  Company, 
Illinois,  coal  of,  analyses  and  tests 

of 03-00 

sample  from,  data  concerning 20, 21 .  03 

NeffCoal  Mining  Corapuny,  Neffs,  Ohio,  coal 

of,  analyses  and  tests  of 153-156 

sample  from,  data  concerning 24,25.153 

Nordensson,  C.  O..  work  of 36 

North  Dakota  lignite,  analyses  and  tests 

of 135-139 

briquettlng  of 45 

samples  of,  data  concerning. .  22,23,24,25, 135 

gas  from  analyses  of 130, 137, 139 

Norton,  C.  L.,  peat  furnished  by 22,23,133 

Ocean  mine,  Clarksburg,  W.  Va.,  coal  from, 

analyses  and  tests  of 200-208 

sample  from ,  data  concerning 20, 27, 206 

Ohio  coal,  analyses  and  tests  of 35, 140-100 

samples  of,  data  coneernmg 24, 

25, 140, 144, 147, 151, 153, 150, 159, 102, 100 

gas  from,  analyses  of 144), 

150, 153, 155, 158, 101, 105 
Ohio  Mining  and  Manufacturing  Company, 
Ohio,  coal  of,  analyses  and  tests 

of 144-147 

sample  from,  data  concerning 24,25, 144 

Old  Colony  Coal  and  Coke  Company,  Penn- 
sylvania, coal  of,  analyses  aiid  tests 

of 175-178 

sample  from,  data  concerning 24,25, 175 

Orlando,  Fla.,  peat  from,  tests  of 134 


Page. 
Page  No.  1  mine,  Page,  W.  Va.,  coal  from, 

analyses  and  tests  of 203-206 

sample  from,  data  concerning 26,27,203 

Page  No.  2  mine,  Page,  W.  Va.,  coal  from, 

analyses  and  tests  of 201-203 

eample  from,  data  concerning 26, 27, 201 

Pahmeyer,  F.E.,  work  of 34 

Palntsvlllc,  Ky.,  coal   near,  analyses  and 

tests  of 126-128 

sample  from,  data  concerning 22,23, 126 

Paisley  mine,  Illinois,  coal  of,  analyses  and 

tests  of 60-62 

sample  from ,  data  concerning 20, 21 ,  60 

Park,  W.  M.,  work  of 34 

Park  County  Coal  Company,  Indiana,  coal 

of,  analyses  and  tests  of 115-116 

sample  from,  data  concerning 22.23,115 

Parker,  E.  W.,  work  of 21,53,201,203 

Parker,  E.  W.,  and  Burrows,  J.  S.,  section 

by,  on  field  work 16-28 

Peat,  hterature  relating  to,  list  of 1 1-15 

tests  of,  note  on 11 

Peat  bricks  from  Florida,  tests  of,  reference 

to 134 

Peat  briquettes  from  Massachusetts,  anal- 
yses and  tests  of 133-135 

samples  of,  data  concerning 22, 23, 133 

Pennsylvania    coal,    analyses    and    tests 

of 35,166-186 

samples  of,  data  concerning 24, 

25, 166, 169, 172, 175, 178, 181, 183 
gas  from,  analyses  of.  168, 171, 174, 177, 181, 185 
Pennsylvania   Coal    and    Coke   Company, 
Pennsylvania,  coal  of,  analyses  and 

tests  of 178-181 

sample  from,  data  concerning 24,25, 178 

Persons  employed  in  making  tests,  list  of. .      7-8 

Peshak,  R.  E.,  work  of 30 

Pettinger  and  Davis,  Centralia,  III.,  coal  of, 

analyses  and  tests  of 82-85 

sample  from,  data  concerning 20,21,82 

Piedmont  and   Georges  Creek  Coal  Com- 
pany, coal  of,  analyses  and   tests 

of 131-133 

sample  from ,  data  concerning 22, 23, 131 

Pittsburg-Buffalo    Coal    Company.    Penn- 
syivania,  coal  of,  analyses  and  tests. 

of 183-180 

sample  from,  data  concerning 24,2.5,183 

Post,  R.  II .,  work  of 34 

Producer-gas  tests,  Brazil  coal 233 

California  lignite 53-54 

equipment  for 36 

general  results  of 9 

1  Uinois  coal 50, 

59, 02, 05, 08, 72, 73, 78, 81 ,  84, 80, 87, 90, 93, 94 

Indiana  coal 90, 

101,102,104,107,110,111,113,118 

Kansas  coal 120 

Kentucky  coal 122, 124, 125, 127, 128, 130 

Massachusetts  peat 134 

North  Dakota  lignite 130,137,139 

Ohio  coal 140, 149, 152, 153, 155, 158 

Pennsylvania  coal 108, 

170, 173, 174,J77, 180, 181, 185 
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Producjer-gas  tests,  persons  engaged  in 36 

report  on 36-37 

Virginia  coal 188, 192, 196, 198 

West  Virginia  coal 202, 

203,205,209,214,215,220 

Wyoming  coal 226,228,229 

Producer-gas  tests  on  washed  coal 72,96 

Quam,  J.  P.,  work  of 36 

Queen  Creek,  Alaska,  coal  from,  analyses  of.      230 

Randall,  D.  T.,  work  of 34 

Ray,  W.  T.,  work  of 34 

Reading  Iron  Company,  Pennsylvania,  coal 

of,  analyses  and  tests  of 181-183 

sample  from,  data  concerning 24, 25, 181 

Red  Bird  mine,  Indiana,  coal  of,  analyses 

and  tests  of 111-114 

sample  from,  data  concerning 22,23, 111 

Rio  Grande  do  Sul,  Brazil,  coal  from,  anal- 
yses and  tests  of 231-233 

sample  from,  data  concerning 26,27,231 

Rosedale,   Ind.,  coal  from,  analyses   and 

tests  of 115-116 

sample  from,  data  concerning 22, 23, 1 15 

Roy,  F.  v.,  work  of 36 

Rush  Run  No.  1  mine.  Rush  Run,  Ohio,  coal 

from,  analyses  and  tests  of 151-153 

sample  from,  data  concerning 24,25, 151 

S.  W.  Little  Coal  Company,  Littles,  Ind., 

coal  of,  analyses  and  tests  of 105-108 

sample  from,  data  concerning 22,23,  ](X^ 

fit.  Louis  and  Big  Muddy  Coai  Company, 
Illinois,  coal  of,  analyses  and  tests 

of 69-74 

sample  from,  data  concerning 20,21,69 

Samples  of  coal,  collection  of 16-18 

designation  of 18 

list  of 18-28 

list  of  the>8e  received  but  not  yet  tested.        28 

method  of  procuring , 16 

States  furnishing 16 

San  Francisi'o  and  San  Joaquin  Coal  Com- 
pany, lignite  of,  analyses  and  tests 

of 53^4 

sample  from,  data  concerning 20,21,53 

Sao  Jeronymo,  Brazil,  coal  from,  analyses 

and  tests  of 231-233 

sample  of,  data  concerning 26, 27, 231 

Semibituminous    coal,    occurrence    of,    in 

Alaska 229 

Shawnee,   Ohio,  coal   from,   analyses  and 

tests  of 144-147 

sample  from,  data  concerning 24,25, 144 

Somermeier,  E .  J!: .,  work  of 30 

Southern  Pacific  Company,  cinders  from, 

use  of 53,54 

Southwestern      Development      Company, 
Kansas,  coal  of,  analyses  and  tests 

of 119-120 

sample  from,  data  concerning 22,23, 119 

Springfield,  111.,  coal  from,  analyses  and 

tests  of 79-82 

sample  from,  data  concerning 20, 21, 79 

Stanton,  F.  M.,  work  of 30 

Star  City,  Ind.,  coal  from,  analyses  and 

tests  of 97-99 

samples  from ,  data  concerning 22, 23, 97 


rag«. 
Staunton,  III.,  coal  from,  analyses  and  tests 

of 03-66 

sample  from ,  daU  concerning 20, 21 ,  63 

Steaming  tests,  Brazil  coal 232 

equipment  for 33-34 

Illinois  coal 55, 58, 59, 61 ,  62, 

63, 64, 67, 70, 72, 75-78, 80, 81, 83, 86, 88, 90, 92, 03 

Indiana  coal 95,98,100,101,103, 

104, 106, 107, 109, 110, 112, 113, 115, 116, 117, 118 
Kentucky  coal . . .  121, 122, 124, 126, 127, 129, 130 

Maryland  coal 132 

North  Dakota  lignite 138,139 

Ohio  coal 140, 

141, 143, 145, 146, 148, 149, 151, 152, 
154, 155, 157, 158, 160, 161, 163, 164 

Pennsylvania  coal 167-169, 

170, 172, 173, 176,  179, 180, 184, 186 

persons  engaged  in 34 

report  on : 33-35 

Virginia  coai 187, 190, 191 ,  194, 195, 197, 198 

West  Virginia  coal 201, 

202,204,205.207,211,212,213, 
214, 2!6, 2:7, 218,  219, 222, 223 

Wyoming  coal 225-228 

Steaming  tests  on  washed  coal ...  55, 63, 67, 70, 75, 
77,80,83,89,98, 103, 109, 132, 140, 143,  145, 
148, 154^  163, 169, 176, 190, 211, 218, 222, 227 

Steel,  A.  A.,  work  of 40 

Stevens  Coal  Company,  Acme,  W.  Va.,  coal 

of,  analyses  and  tests  of 218-221 

sampler  from,  data  concerning 26,27,218 

Stewart  jig,  modified  use  of.    See  Washing 

tests. 
Stilwell   Coal   Company,    Aladdin,    Wyo., 

coal  from,  analyses  and  tests  of.  227-229 

sample  from,  data  concerning 26, 27, 227 

Stowe,  L.  R.,  work  of 34 

Straight  Creek  Coal  and  Coke  Company, 
Kentucky,   coal   of,   analyses   and 

tests  of 120-123 

sample  from,  data  concerning 22,23,120 

Superior  Coal  Company,  Ohio,  coal  of,  anal- 
yses and  tests  of 140-142. 142-144 

sample  from,  data  concerning. .  24,25, 140, 142 
Terre  Haute,  Ind.,  coal  near,  analyses  and 

tests  of 108-111 

sample  from,  data  concerning 22, 23, 108 

Tesia  mine,  California,  lignite  from,  analy- 
ses and  tests  of 53-54 

sample  from,  data  concerning 20,21,53 

Texas  lignite,  briquetting  of 45 

Tests,  detailed  report  of 53-233 

Tests  made,  enumeration  of 8 

purposes  of 8 

reports  on,  arrangement  of U 

results  of 8-10 

Testing  plant,  location  and  equipment  of. . .      5-7 

Teza,  Julicn,  work  of 36 

Toensfeidt,  Kurt,  work  of 36 

Tokun  Creek.  Alaska,  coai  from,  analyses  of     230 
Toms  Creek,  Virginia,  coal  from,  analyses 

and  tests  of 19^-196 

sample  from,  data  concerning 26, 27, 193 

Trout  Creek,  Alaska,  coal  from,  analyses  of.      230 
Tsadaka  Creek,  Alaska,  coal  from,  analyses 

of ISV 
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United  States  Coal  Company,  Ohio,  coal  of, 

analyses  and  tests  of 147-150 

sample  from,  data  concerning 24, 25, 147 

United  States  Reclamation  Service,  engi- 
neers of,  lignite  sent  by 22,23,136 

Upson  Coal  and  Mining  Company.  Ohio, 

coal  of,  analyses  and  tests  of 15(^162 

sampM  from,  data  concerning 24,25, 159 

Virginia  coal,  analyses  and  tests  of 35, 1S5-199 

samples  of,  data  concerning 24, 

25,26,27,186,189,193,196 

gas  from,  analyses  of 188, 192, 195, 196, 202 

Virginia  Iron,  Coal,  and  Coke  Company, 
Toms  Creek,  Vli^nla,  coal  of,  anal- 
yses and  tests  of 193-196 

sample  from,  data  concerning 26,27, 193 

VonBorries,  W.  J.,  work  of 16,23, 

27, 105,  111,  126, 142, 153, 169, 181, 183, 193 
Washburn  Lignite  Coal  Company,  lignite 

of,  analyses  and  tests  of 138-139 

samples  from,  data  concerning 24.25. 138 

Washed  coal,  coking  tests  on 142, 144, 

147,156,150,162,166,171,175,178, 
183, 193, 200, 210, 212, 221, 224, 229 

producer-gas  tests  on 72,96 

steaming  tests  on 55,63,67, 70, 75, 

77,80, 83, 89, 98, 103, 109. 132, 140, 143, 145, 
148, 154, 163, 109, 176, 190,211,218,222,227 

Washing  tests,  Illinois  coal 57, 

60, 66, 69. 76. 79, 82, 85, 87, 91 

Indiana  coal 96, 97, 99, 105, 108,  111,  114, 116 

list  of 31-32 

Maryland  coal 133 

Ohio  coal 141,144,147,150,156,150,162 

Pennsylvania  coal 171, 174, 178, 182 

report  on 31-32 

Virginia  coal 192, 193 

West  Virginia  coal...  200.209.212,220,221,224 

Wyoming  coal ,  229 

Washington  No.  3  mine,  Maryland,  coal 

from,  analyses  and  tests  of 131-133 

samples  from,  data  concerning 22-23, 131 

Way,  KarlM.,  work  of 30 

Weeks,  H.  W.,  work  of 34 

Weidmann,  W.  C,  work  of 36 

Wellston,   Ohio,  coal   near,  analyses  and 

tests  of 140-144 


Page. 
Wellston,  Ohio,  sample  from,  data  concern- 
ing  24,25,140,142 

West  Frankfort,  111.,  coal  from,  analyses 

and  tests  of 66-60 

sample  from,  data  concerning 20, 21 ,  66 

West  Mineral,  Kans.,  x;oal  from,  analyses 

and  tests  of 119-120 

sample  from,  data  concerning 22,23,119 

West  Virginia  coal,  analyses  and  tests  of.  199-224 

samples  of,  data  concerning !  26, 27, 

199,201,203,206,208,210,213,216,218,222 

gas  from,  analyses  of 205,209,215,220 

Western  Coal  and  Mining  Company,  Illi- 
nois, coal  of,  analyses  and  tests  of. .  74-76 

sample  from,  data  concerning 20,21,74 

Western  Coal  and  Mining  Company,  Arkan- 
sas, briquettes  made  of  coal  from, 

tests  of 48 

Westernport,  Md.,  coal  near,  analyses  and 

tests  of 131-133 

sample  from,  data  concerniii^ 22,23,131 

White,  I.  C.  Brazil  coal  supplied  by 231 

White  Oak  Coal  Company,  McDonald,  W. 

Va.,  coal  of,  analyses  and  tests  of.  216-217 

sample  from,  data  concerning 26, 27, 216 

Wick,  J.  D.,  report  by,  on  washing  tests...  31-32 
Williston,  N.  Dak.,  lignite  near,  analyses 

and  tests  of 136-137 

sample  from,  data  concerning '..  22, 23, 136 

Wilson  farm,  Crab  Orchard,  Va.,  coal  from, 

analyses  and  tests  of 189-193 

sample  from,  data  concerning 26.27, 189 

Wilton  mine,  Wilton,  N.  Dak.,  lignite  from, 

analyses  and  tests  ol 138-139 

sample  from,  data  concerning 24,25,138 

Winifrede  Coal  Company.   Winifrede,   W. 
Va.,  coal  from,  analyses  and  tests 

of 222-224 

sample  from,  data  concerning 26, 27,222 

Wyoming  coal,  analyses  and  tests  of 224-229 

samples  of,  data  concerning 26,27,224,227 

gas  from,  analyses  of 226,229 

Young  Creek,  Alaska,  coal  (rem,  analyses  of     231 
Zeigler  Coal  Company,  Zeigler,  111.,  coal  of, 

analyses  and  tests  of .'. 91-94 

sample  from,  data  concerning 20,21,91 
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A  GAZETTEER  OF  COLORADO. 


By  Henry  Gannett. 


GENERAL  DESCRIPTION. 

Colorado  is  situated  about  midway  the  country  north  and  south,  and  about  two. 
thirds  of  the  distance  from  the  Atlantic  to  the  Pacific  coast.  On  the  north  are 
Wyoming  and  Nebraska,  on  the  east  Nebraska  and  Kansas,  on  the  south  New 
Mexico,  and  Utah  on  the  west.  The  State  is  a  quadrilateral  in  shape,  its  north  and 
south  boundaries  being  respectively  the  forty-first  and  thirty -seventh  parallels  of 
latitude;  its  east  boundary  is  the  meridian  of  25®  west  of  Washington,  and  its  west 
boundary  that  of  32°.  Thus  its  length  from  north  to  south  is  4®  of  latitude  or  276 
miles,  and  its  breadth  from  east  to  west  is  7°  of  longitude.  The  length  of  its  north 
boundary  is  366  miles,  and  of  its  south  lx)undary  387  miles.  The  gross  area  of  the 
State,  as  computed  by  square  degrees,  is  103,948  square  miles.  Deducting  a  few 
small  lakes  and  other  bodies  of  water  leaves  103,658  square  miles  of  land  area. 

TOPOGRAPHY. 

In  general  terms,  the  eastern  third  of  Colorado  is  composed  of  high  plains,  the 
middle  third  of  the  Rocky  Mountains,  and  the  western  third  of  plateaus  stepping 
down  toward  Colorado  River.  The  Rocky  Mountains  form  a  complex  system  not 
easily  analyzed.  They  rise  from  the  highest  part  of  the  Cordilleran  Plateau,  and  in 
this  State  attain  their  greatest  altitude.  The  most  eastern  range,  known  as  the 
"Front  Range,"  enters  the  State  from  Wyoming  on  the  north,  and  extending  south- 
ward terminates  in  Pikes  Peak.  The  rise  from  the  east  is  in  long  spurs  strett^hing 
from  10  to  30  miles  from  the  summits  to  the  plains  along  the  base.  The  plains  range 
from  6,000  to  8,000  feet  in  altitude,  while  the  summita  throughout  the  greater  part  of 
its  length  exceed  13,000  feet,  and  there  are  many  peaks  higher  than  14,000  feet. 
Among  these  are  Thongs,  14,271  feet;  Grays,  14,341  feet;  Torrey,  14,336  feet;  and 
Pikes,  14,107  feet. 

West  of  the  Front  Range  is  the  Park  Range,  which  also  enters  the  State  from 
Wyoming,  and  running  nearly  south  terminates  in  about  the  same  latitude.  In  the 
northern  part  of  the  State  this  is  the  westernmost  range  of  the  system,  and  from  its 
western  flanks  the  plateaus  descend  in  series  toward  Green  River.  This  range  is 
but  slightly  inferior  in  height  to  the  Front  Range,  containing  several  peaks  exceed- 
ing 14,000  feet,  among  which  are  Quandary,  14,266;  Lincoln,  14,297  feet;  Bross, 
14,100  feet;  and  Sheridan,  14,038  feet. 

Between  the  Front  and  Park  ranges  is  a  series  of  high  mountain  valleys  extend- 
ing from  north  to  south,  separated  by  high  cross  ranges.  The  most  northerly  of 
these  is  North  Park,  in  which  rises  North  Platte  River.  It  is  mainly  a  level  expanse 
with  an  average  elevation  of  8,000  feet.  South  of  it  is  Middle  Park,  in  which  heads 
Grand  River,  which  flows  westward  across  the  park  and  cuts  a  gap  (Gore  Canyon) 
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through  the  Park  Range  on  its  way  to  join  Green  River,  forming  the  Colorado. 
Middle  Park  consists  mainly  of  secondary  ranges  of  mountains  and  hills,  alternating 
with  broad  valleys.  The  altitude  differs  greatly  in  different  parts,  but  it  is  generally 
less  than  that  of  North  Park.  The  third  is  South  Park,  in  the  northwestern  part 
of  which  heads  South  Platte  River,  which  traverses  it  in  a  southeasterly  direction. 
South  Park  is  the  highest  of  the  three,  its  altitude  ranging  from  8,000  to  10,000  feet. 
It  is  generally  very  level. 

West  of  South  Park  and  of  the  southern  portion  of  the  Park  Range,  Arkansas 
River  heads  in  Tennessee  Pass;  and  l>eyond,  forming  the  west  wall  of  Arkansas  Val- 
ley, is  the  Sawatch  Range.  This  is  a  high,  broad  and  massive  range  with  many 
peaks  exceeding  14,000  feet.  At  the  north  is  the  Mountain  of  the  Holy  Cross, 
with  a  height  of  14,170  feet;  then  follow  Massive,  14,424  feet;  Elbert,  14,421  feet;  La 
Plata,  14,342  feet;  Harvard,  14,375  feet;  Yale,  14,187  feet;  and  Princeton,  14,196 
feet. 

West  of  the  Sawatch  Range  is  a  succession  of  high  ranges  and  more  or  less  isolated 
mountains,  known  collectively  as  the  **  Elk  Moimtains*'  or  the  "Gunnison  Country," 
and  beyond  them  are  the  plateaus. 

Returning  to  the  eastern  part  of  the  mountain  region  we  find  facing  the  plains 
the  Sangre  de  Cristo  Range,  which  stretches  from  Arkansas  River  south  into  New 
Mexico.  This  is  a  narrow  ridge  of  great  altitude,  with  a  number  of  peaks  exceeding 
14,000  feet,  and  only  two  passes  lower  than  10,000  feet.  On  the  north  near  Arkan- 
sas River  is  a  high  range  known  as  the  "Wet  Mountains,*'  standing  as  an  outlier  east 
of  the  Sangre  de  Cristo  Range. 

West  of  the  Sangre  de  Cristo  Range  is  the  great  San  Luis  Valley,  which  extends 
nearly  from  Arkansas  River  into  New  Mexico.  Its  surface  is  extremely  level  and 
ranges  in  altitude  from  7,000  to  8,000  feet.  West  of  San  Luis  Valley  rise  the  San  Juan 
Mountains  in  which  head  Rio  Grande,  flowing  into  the  Gulf  of  Mexico,  the  San  Juan 
flowing  westward  to  the  Colorado,  and  many  branches  of  Grand  and  Gunnison  rivers.  . 
In  this  group  are  many  peaks  exceeding  14,000  feet.  Among  them  are  Randies,  14,008 
feet;  Sneffels,  14,158  feet;  Wilson,  14,250  feet;  Eolua,  14,079  feet;  Sunlight,  14,053 
feet;  Windom,  14,084  feet;  and  Uncompahgre,  14,289  feet. 

The  plains  rise  from  an  altitude  of  3,000  or  4,000  feet  at  the  east  boundary  of  the 
State  to  6,000  or  8,000  at  the  foot  of  the  mountains.  Their  surface  is  rolling  and 
in  some  places  broken.  At  the  foot  of  the  mountains  the  stratified  beds  are  tilted 
up,  forming  hogbacks,  which  run  in  long,  regular  lines  parallel  to  the  base  of  the 
mountains. 

Within  the  mountains  head  North  Platte,  South  Platte,  and  Arkansas  rivers.  The 
first  flows  northward  into  Wyoming,  while  the  South  Platte  and  Arkansas,  after 
forcing  their  way  through  numerous  ridges  and  spurs,  enter  the  plains.  The  South 
Platte  pun?ues  in  the  plains  a  course  nearly  north  and  then  northeast,  finally  uniting 
with  North  Platte  River  at  the  town  of  North  Platte,  in  Nebraska.  The  Arkansas 
after  reaching  the  plains  pursues  a  course  nearly  east  to  the  eastern  boundary  of  the 
State.  Except  near  the  mountains  the  plains  contain  few  perennial  streams;  indeed, 
water  is  very  scarce  except  immediately  after  rains. 

From  the  westernmost  of  the  mountain  ranges  the  country  descends  in  a  series  of 
plateaus,  some  of  which  are  horizontal  and  others  inclined  at  different  angles  and  in 
various  directions.  Most  of  the  streams,  whether  perennial  or  not,  are  in  canyons 
cut  to  varying  depths.  This  plateau  region  is  drained  entirely  by  tributaries  of 
Colorado  River.  The  higher  of  these  plateaus  are  w^ell  watered  and  covered  with 
forests,  but  as  one  descends  the  region  become  more  desert-like,  the  lowest  parts  of 
the  plateau  having  all  the  aspects  of  a  desert. 

Colorado  has  the  highest  avemge  elevation  of  all  the  States — 6,800  feet.  The  fol- 
lowing  table  classifies  the  areas  by  altitude: 
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EleiHxtioiis  in  Colorado. 


Square  ! 
miles.   I 


Froin- 


3,000  to  4,000  feet 4,900   |  7,000  to  8,000  feet. . 

4,000  to  5.000  feet 22,700  ,1  8,000  to  9.000  feet.. 

5.000  to  6.000  feet 17,100   |  9,000  to  10.000  feet. 

6,000  to  7,000  feet I  12,725  1 1  Above  10.000  feet.. 


Square 
miles. 


13.500 
11,500 
8.600 
1-2,900 


The  principal  rivers  are  North  Platte,  South  Platte,  Arkansas,  Rio  Grande,  Yampa, 
White,  Grand,  Gunnison,  Dolores,  and  San  Juan.  None  of  these  streams  are  navigable. 
They  head  in  the  mountains,  and  with  Bteep  and  rugged  courses  flow  to  the  plains  or 
plateaus.  These  rivers,  with  their  numerous  branches  in  the  mountain  country  of 
Colorado,  probably  furnish  a  more  abundant  supply  of  water  for  irrigation  purposes 
than  the  streams  of  any  other  State  in  the  arid  region.  Most  of  them  are  drawn 
uyion  heavily  in  aid  of  irrigation. 

CLIMATE. 

Although  Colorado  is  greatly  elevated  above  sea  level,  the  lowest  portion  along  the 
east  boundary  being  3,000  feet  in  altitude,  the  temperature  is  but  slightly  lower  than 
in  regions  of  the  same  latitude  near  sea  level,  l>ecause  the  isothermal  lines  are  carried 
up  by  the  great  lna^58  of  country.  The  mean  aimual  temperature  of  the  plains  and 
plateaus  ranges  from  45°  to  55°,  while  that  of  the  higher  mountain  valleys  or  parks 
is  40°  or  even  less,  and  upon  the  mountain  ranges  it  is  still  lower. 

The  range  of  temperature  between  day  and  night,  between  summer  and  winter, 
and  between  the  highest  and  lowest  temperatures  reconled,  is  very  great,  far  greater 
than  in  the  Mis-sissippi  Valley  or  on  the  Atlantic  coast.  Thus  the  difference  between 
the  temperatures  of  the  coldest  and  warmest  months  is,  on  an  average,  not  far  from 
50°.  Upcm  the  plains,  at  such  points  as  Denver  and  Colorado  Springs,  the  tempera- 
ture frequently  falls  below  zero  in  winter,  while  summer  temperatures  above  100° 
are  often  recorded,  and  on  the  low  plateaus  in  the  western  part  the  range  of  tem- 
perature is  even  greater. 

Colorado  lies  within  the  arid  region.  The  plains  to  the  east  of  the  mountains  and 
the  plateaus  to  the  west  have  an  annual  rainfall  of  less  than  20  inches,  decreasing  in 
some  localities,  especially  in  the  western  part,  to  10  inches  or  even  less.  In  the 
mountains  the  rainfall  is  greater,  exceeding  30  inches.  The  distribution  of  rainfall 
throughout  the  year  is  peculiar  to  the  Rocky  Mountain  region;  instead  of  falling 
mainly  in  the  winter  time,  as  is  the  case  on  the  Pai^ific  coast,  the  summer  is  the 
rainy  season,  and  instead  of  long  storms  the  rain  comes  in  the  form  of  showers.  At 
Denver  five-sixths  of  the  annual  precipitation  falls  from  May  to  October,  inclusive, 
and  in  other  parts  of  the  State  the  proportion  in  these  months  is  from  two-thirds  to 
nine-tenths  of  the  total  annual  precipitation.  The  cause  of  this  phenomenon  is  that 
in  winter  tlie  ranges  bordering  the  Pacific  (this  ocean  being  the  source  of  precipitation, 
for  the  entire  western  country)  take  practically  all  the  moisture  from  the  vapor-laden 
winds  coming  off  that  ocean,  while  in  summer,  owing  to  the  fact  that  these  ranges 
are  relatively  warmer,  a  part  of  the  moisture  is  carrieii  over  to  the  interior  country. 
The  aridity  of  the  region  is  shown  not  only  in  the  light  rainfall,  but  in  the  relative 
humidity  of  the  atmosphere.  On  the  plains  and  plateaus  the  average  relative 
humidity  is  not  far  from  50  per  cent— that  is,  the  air  contains  on  an  average  only 
about  one-half  the  moisture  which  it  is  possible  for  it  to  absorb. 
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HISTORY. 

The  eastern  part  of  Colorado  was  a  part  of  the  Louisiana  Purchase  acquired  from 
France  in  1803;  a  narrow  strip  across  tlie  center  from  north  to  south  was  a  part  of 
the  Texas  Acquisition;  while  the  western  part  was  from  the  Mexican  Cession  under 
the  treaty  of  Guadalupe  Hidalj^o. 

The  Territory  of  Colorado  was  organized  February  28,  1861,  from  parts  of  Kansas, 
Nebraska,  Utah,  and  New  Mexico,  and  was  admitted  aA  a  State  on  August  1, 1876.  The 
region  which  is  now  Colorado  was  inhabited  by  the  Ute  tribe  of  Indians  when  first 
known  to  white  men.  Their  homes  were  in  the  mountains,  while  the  plains,  then 
swarming  with  buffalo,  were  the  common  hunting  grounds  for  this  and  other  tribes. 
The  first  white  settlers  were  of  Spanish  blood  and  entered  from  New  Mexico  at  an 
early  date.  Their  descendants  still  form  an  important  element  in  the  population  of 
the  southern  part  of  the  State.  The  first  American  immigration  commenced  about 
1860,  and  was  induced  by  the  discovery  of  gold  placers  in  South  Park  and  in  the 
Arkansas  Valley  to  the  west.  From  that  time  the  population  of  Colorado  has 
increased  rapidly,  as  is  shown  by  the  following  table: 

Population  by  censmes,  1860-1900, 


Census.' 

Percent. 
34, 377       

Census. 

Popula- 
tion. 

Increase. 

1860                                     .  . 

1890 

412, J98 
539,700 
674,030 

Percent. 
112.1 

1870    : 

39,8M           16.3  j 
194,327          387.6 

1900 

80.7 

1880 

1903  (estimated) 

The  population  in  1905  was  probably  not  far  from  600,000. 

The  males  were  in  excess,  there  being  in  1900,  295,332  males  to  244,386  females;  or 
of  the  entire  jwpulation,  55  per  cent  were  males  and  45  per  cent  females. 

The  number  of  foreign  bOrn  w^e  91,155,  or  17  per  cent;  while  the  native  born 
were  448,545,  or  83  per  cent,  of  the  entire  population. 

The  following  table  shows  the  distribution  by  race,  in  which  it  api^ears  that  98  per 
cent  of  the  iK>pulation  were  white,  1.6  percent  negro,  and  the  remaining  0.4  percent 
Indians,  Japanese,  and  Chinese: 

PopiUation  by  race  in  1900. 


Race. 


White  . 
Negro  . 


Number. 


Race. 


529,046 
8,570 


Indian 

Chinese  and  Japanese  , 


Number. 


1,487 
647 


The  literacy  of  the  people  of  Colorado  is  high.  Of  the  population  10  years  of  age 
and  over,  only  4.2  per  cent  were  unable  to  read  and  write.  In  thi?  Colorado  is 
exceeded  by  only  nine  of  the  States  and  Territories. 

The  following  are  the  chief  cities  with  their  population  in  1900  and  the  estimated 
population  in  1903: 

Population  of  principal  citiea. 


City. 


Denver 

Pueblo 

Colorado  Springs. 
LeadviJIe 


133,859  I 
28.157  I 
21,085  ' 
12,455 


144,588  I 
29,237  ' 
24,092  ' 
13,076  1 


City. 

Cripple  Creole.. 

Boulder 

Trinidad 


1900. 

10, 147 
6,150 
5,345 


1903. 
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AGRKrULTURE. 

Of  the  four  great  branches  of  industry,  namely,  agriculture,  manufacture,  mining, 
and  transportation,  the  most  important,  as  measured  by  the  value  of  its  product,  is 
mining,  while  agriculture  and  manufacture  follow  closely. 

Owing  to  the  location  of  the  State  within  the  arid  region,  agriculture  is  in  large 
part  limited  by  the  supply  of  water  for  irrigation.  It  is  true  that  in  some  localities, 
which  by  reason  of  local  topography  enjoy  an  unusual  rainfall,  dry  farming  is  car- 
ried on.  The  total  number  of  farms  in  the  State  in  1900  was  24,700,  and  their  total 
value  was  $161,045,101.  This  value  was  made  up  of  four  items,  as  follows:  Land 
and  improvements,  $90,341,523;  buildings,  $16,002,512;  implementa  and  machines, 
$4,746,755;  live  stock,  $49,954,311.  The  average  value  per  farm  was  $6,520.  The 
value  of  all  farm  products  in  1900  was  $33,048,576,  an  average  per  farm  of  $1,338. 
The  value  of  farm  products  averaged  about  20  per  cent  of  the  capital  invested  in 
farms. 

In  the  farms  of  Colorado  there  are  9,474,588  acres,  of  which  2,273,968  acres  or  24 
per  cent  were  improved  or  cultivated.  This  cultivated  area  is  only  3.4  per  cent  of 
the  entire  area  of  the  State,  and  yet  it  is  a  larger  proportion  than  in  any  other  State  in 
the  arid  region.  The  average  number  of  acres  per  farm  was  384,  which  is  more  than 
twice  the  size  of  the  average  farm  in  the  United  States.  About  77  per  cent  of  all 
farms  were  owned  by  their  occupants,  14  per  cent  being  rented  on  shares,  and  9  per 
cent  rented  for  cash.  Of  the  cultivated  land,  1,611,271  acres  or  71  per  cent  were 
under  irrigation.    The  area  irrigated  was  2.4  per  cent  of  the  total  area  of  the  State. 

The  following  table  shows  the  production  of  the  principal  crops  and  the  enumera- 
tion of  live  stock  in  1900: 

Statistics  of  farm  products  and  of  live  stock  in  1900, 


Produc-    1 
tion.      1 

1 

5,587,770 
4,465,748 
3,080,  i:» 
1,275,680 
1,647,321 

Number. . 

CHOP. 

Wheat 

bushels.. 

do.... 

do.... 

do.... 

tons.. 

LIVE  STOCK. 

Neat  cattle 

1,433,318 

236,546 

6,784 

2,044,814 
101,198 

Potatoes 

Horses 

Oats 

Mules 

Corn 

Sheep  

Hay  and  forage 

Swine 

The  value  of  all  domestic  animals  in  1900  was  $49,359,781,  and  the  value  of  animals 
sold  in  1899,  $9,570,952. 

MANtrFACTURES. 


Manufactures  are  assuming  great  proportions  in  Colorado.  In  1900  there  were 
3,570  manufacturing  establishments  of  all  kinds,  with  a  capital  of  $62,825,472.  They 
employed  24,725  wage-earners  and  paid  them  $15,146,667.  The  cost  of  the  materials 
used  was  $66,886,016  and  the  value  of  the  production  $102,830,137,  showing  a  net 
increase  in  value  produced  by  manufacture  of  $35,944,121.  This  figure,  which 
measures  the  importance  of  the  manufactures,  is  slightly  in  excess  of  the  value  of 
agriculture. 

The  following  table  gives  the  number  of  establishments  and  the  gross  value  of  their 
product,  including  custom  work  and  repairing,  of  a  few  of  the  most  important 
industries. 
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Statistics  of  manufactures. 


Industry. 


Flouring  and  grist  mills 

Printing  and  publishing  plants 

Foundries  and  machine  shops 

Car  and  general  construction  shops 
Sawmills 


Num- 
ber. 


60 
278 
77 
60 
159 


Value  of 
product. 

$4,528,062 
3,501,754 
3,986,915 
3,141,602 
1,627,605 


MINING. 

In  its  mines  Colorado  finds  its  chief  source  of  wealth.  In  1902  the  output  of  these 
mines  had  a  value  of  $40,603,286,  being  exceeded  only  by  Pennsylvania,  Ohio, 
Michigan,  and  West  Virginia.  Of  all  the  Western  States  and  Territories  Colorado  is 
easily  first  in  production.  It  produced  the  largest  amount  of  gold  and  silver;  was 
third  in  the  production  of  lead,  being  exceeded  by  Idaho  and  Utah;  was  fourth  in 
the  production  of  zinc,  and  sixth  in  the  production  of  copper;  in  the  production  of 
coal  it  was  exceeded  by  seven  States,  and  in  petroleum  by  eleven.  The  following 
table  shows  the  quantity  and  value  of  its  principal  products  in  1904: 

Mineral  production  in  1904. 


Product. 


Gold fine  ounces. . 

Silver do 

Copper pounds. . 

Lead short  tons. . 


Quantity.       Value 


1,183,518  1924,463,322 


13,947,635 

9,506,944 

51,884 


7,985,028 
1,188,368  ! 
0  4,410,140 


Product. 


Coal short  tons. . 

Zinc do 

Iron  ore long  tons. . 

Petroleum barrels. . 


Quantity.       Value 


6.658,355  i    $8,751,821 


4,871 
150,972 
501.863 


a487. 100 
429,856 
578.035 


a  Estimated. 


TRANSPORTATION. 


In  1904  Colorado  contained  4,976  miles  of  railway,  which  is  2.33  per  cent  of  the 
entire  mileage  of  the  United  States. 

EXPLORATION  AND  MAPPING. 

The  exploration  of  Colorado  began  in  1807,  when  Cajit.  Zebulon  M.  Pike,  of  the 
United  States  Army,  crossed  the  plains  and  followed  the  Arkansas  River  to  tlie  pres- 
ent site  of  Pueblo,  arriving  there  in  early  winter.  From  this  point  he  attempted  to 
climb  Fikes  Peak,  but  abandoned  it  after  several  days'  struggle  with  deep  snow, 
remarking  that  only  a  bird  could  reach  the  summit,  yet  there  is  now  a  cogwheel 
railroad  to  the  top  of  the  mountain  and  thousands  of  people  vinit  it  every  summer. 
The  next  few  months  were  devoted  to  an  attempt  to  explore  the  hills  north  of  the 
Canyon  of  the  Arkansas  bordering  South  Park  on  the  south,  in  which  work  he  and 
his  men  suffered  extremely  from  cold.  Toward  spring  they  crossed  Sangre  de  Cristo 
Range  into  San  Luis  Valley,  where,  being  in  Mexican  territory,  they  were  captured 
by  a  detachment  of  Mexican  troops  and  taken  to  Santa  Fe.  After  a  j)eriod  of  deten- 
tion they  were  released  and  returned  to  the  United  States. 

During  the  following  years  many  expeditions,  under  Fremont,  Long,  and  others, 

traversed   the  plains  in   various    directions.      In   1840-45   Fremont  explored  the 

mountain  regions,  and  in  1853  Captain  Gunnison,  commanding  one  of  the  Pacific 

Railroad  expeditions,  traversed  the  State  from  east  to  west  by  way  of  the  Arkansas, 

San  Luis,  Gunnison,  and   Grand   River  valleys.     Several  other  army  expeditions 
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.explored  parts  of  the  State,  80  that  in  its  broader  aspects  the  topographic  features 
were  pretty  well  known  at  the  beginning  of  the  American  settlements.  In  1870  and 
1871  the  Fortieth  Parallel  Survey  mapped  a  strip  of  country  between  40®  30^  and  41® 
in  latitude  and  extending  across  the  mountain  and  plateau  portions.  Between  1873 
and  1876  the  Hayden  Survey  mapped,  on  a  scalfe  of  4  miles  to  an  inch  and  with  con- 
tour intervals  of  200  feet,  that  part  of  the  State  lying  west  of  longitude  104®  30^, 
including  all  the  mountain  and  plateau  regions.  This  Survey  published  a  topo- 
graphic and  geologic  atlas  of  the  State,  which  in  subsequent  years  had  a  powerful 
influence  in  its  development.  Since  the  commencement  of  topographic  work  by  the 
present  Geological  Survey  much  detailed  work  has  been  done,  34  sheets  upon  a  scale 
of  1: 125,000  and  18  sheets  upon  a  scale  of  1:62,500  having  been  prepared.  The  total 
area  surveyed  is  in  the  neighborhood  of  38,000  square  miles,  or  considerably  more 
than  one-third  of  the  total  area. 

There  are  14  forest  reserves  in  the  State,  comprising  most  of  the  mountain  and 
plateau  country.  The  total  area  of  land  thus  reserved  is  18,236  square  miles,  or  17 
per  cent  of  the  total  area. 
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Atlas  sheet. 

Abbey;  post  village  in  Pueblo  County Pueblo. 

AbbejTville;  village  in  Gunnison  County;  altitude,  9,806  feet. 

Abbott;  post  village  in  Washington  County. 

Aberdeen;  village  in  Gunnison  County  on  Denver  and  Rio- 
Grande  Railroad;  altitude,  7,938  feet. 

Aberdeen  Junction;  station  in  Gunnison  County  on  Colorado 
Midland  Railway;  altitude,  7,540  feet. 

Aboroto;  creek  in  Hinsdale  County,  a  right-hand  branch  of 
Rio  Piedra,  tributary  to  San  Juan  River. 

Abrams;  mountain  in  San  Juan  Mountains  on  boundary  be- 
tween Ouray  and  San  Juan  counties Silverton. 

Acequia;  station  in  Douglas  County  on  the  Denver  and  Rio 
Grande  and  the  Atchison,  Topeka  and  Santa  Fe  railways; 
altitude,  6,516  feet , Denver. 

Acme;  station  in  Las  Animas  County  on  Colorado  and  South- 
em  Railway;  altitude,  6,314  feet. 

Ada  Spring;  village  in  Larimer  County;  altitude,  9,279  feet. 

Adair;  station  in  Las  Animas  County  on  Colorado  and  South- 
em  Railway;  altitude,  5,754  feet Elmoro. 

Adair;  summit  in  Las  Animas  County;  altitude,  5,968  feet Elmoro. 

Adam  an  8;  gulch  in  Jefferson  and  Park  counties,  tributary  to 

South  Platte  River Pikes  Peak. 

Adams;  village  in  Larimer  County. 

Adams;  county  in  the  northeastern  part  of  the  State;  bounded 
on  the  north  by  Weld  and  Morgan  counties,  on  the  east  by 
Washington  County,  on  the  south  by  Arapahoe  County, 
and  on  the  west  by  Jefferson  and  Boulder  counties.  The 
surface  consists  of  rolling  plains  and  is  traversed  by  many 
dry  water  courses.  The  area  is  1,253  square  miles,  of 
which  a  considerable  area  in  the  western  portion  is  under 
cultivation  where  the  Union  Pacific  Railroad  and  the  Bur- 
lington Route  cross  the  county.  As  this  county  has  been 
formed  since  1900  from  Arapahoe  County,  it  is  impossible 
to  give  its  population  or  percentage  of  cultivated  area.  The 
county  seat  is  Brighton,  a  town  of  about  366  inhabitants, 
while  the  next  town  in  size  is  Harris,  which  had,  in  1900, 
a  population  of  127.  In  1900  the  average  magnetic  declina- 
tion was  12°  45-^  east.  The  mean  annual  rainfall  is  about 
15  inches,  and  the  mean  annual  temperature  45°  to  50°. 

Adana;  station  in  Prowers  County  on  Atchison,  Topeka,  and 

SoDta  Fe  Railway;  altitude,  3,474  feet Granada. 

1^ 
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Atlas  sheet. 
Adelaide;  station  in  Fremont  County  on  Florence  and  Cripple 

Creek  Railroa<i;  altitude,  6,938  feet Pikes  Peak. 

Adobe;  buttes  in  Delta  County. 

Adobe;  creek  in  Fremont  County,  a  left-hand  branch  of  Hard- 
scrabble  Creek,  tributary  to  Arkansas  River Canyon  City. 

Adobe;  creek  in  Lincoln  County,  a  left-hand  branch  of  Arkan-  f  Arroyo. 

sas  River.  I  Las  Animas. 

Adobe;  station  in  Fremont  County  on  Denver  and  Rio  Grande 

Railroad ' Canyon  City. 

Afley;  peak  in  Gunnison  County Anthracite. 

Agate;  creek,  a  right-hand  branch  of  South  Platte  River. 
Agate;  post  village  in  Elbert  County  on  Union  Pacific  Railroad ; 

altitude,  5,457  feet Limon. 

Agency;  peak  in  Saguache  County;  altitude,  12,274  feet  , 

Agency  Park;  valley  in  Rio  Blanco  County  on  White  River, 

in  which  was  formerly  located  the  White  River  Indian 

Agency,  now  the  town  of  Meeker;  altitude,  6,491  feet. 
Aguilar;  post  city  in  Las  Animas  County  on  a  spur  of  Colo- 
rado and  Southern  Railway;  population  in  1900,  698 Spanish  Peaks. 

Ajax;  village  in  Teller  County  on  Florence  and  Cripple  Creek 

Railroad. 
Akin;  station  in  Mesa  County  on  Denver  and   Rio  Grande 

Railroad. 
Akron;  post  town  and  county  seat  of  Washington  County  on 

Burlington  and  Missouri   River  Railroad;    population  in 

1900,  351;  altitude,  4,669  feet. 
Alamosa;  poet  town  in  Conejos  County  on  Denver  and  Rio 

Grande  Railroad;  population  in  1900,  1,141;  altitude,  7,636 

feet 
Alamosa;  creek,  a  right-hand  branch  of  Rio  Grande. 
Albano;  post  village  in  £1  Paso  County. 
Albany;  gulch  in  Ouray  County,  tributary  to  Red  Mountain 

Creek Silverton. 

Albany;  poet  village  in  Prowers  County Albany. 

Albany;  village  in  Ouray  County. 
Alcott;  village  in  Denver  County. 
Alden;  creek  in  Gunnison  County,  a  right-hand  branch  of 

Tomichi  Creek,  tributary  to  Gunnison  River. 
Alder;  creek,  a  right-hand  branch  of  San  Miguel  River. 
Alder;  post  village  in  Saguache  County  on  Denver  and  Rio 

Grande    Railroad;    altitude  8,677    feet     Railroad  name, 

Round  Hill. 
Alfalfa;  post  village  in  Las  Animas  County. 
Alford;  post  village  in  Larimer  County. 
Alicante;  station  in  Lake  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  11,160  feet 
Alice;  post  village  in  Clear  Creek  County. 
Alkali;  arroyo  in  Las  Animas  County,  a  right-hand  branch  of 

Purgatory  River. 
Alkali;  creek  in  Gunnison  County,  a  right-hand  branch  of 

Taylor  River,  tributary  to  Gunnison  River. 
Alkali;  creek  in  Gunnison  County,  a  left-hand  branch  of  Cow 

Creek,  tributary  to  Uncompahgre  River OxMraii'^^ 
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Atlas  sheet. 
Alkali;    creek  in  Montrose  County,   a  left-hand  branch   of 

Smiths  Fork. 
Alkali;  gulch  in  La  Plata  County,  tributary  to  Cherry  Creek. .  La  Plata. 
Alkali;  gulch  in  Montezuma  County,  tributary  to  McElmo 

Creek. 
Alkali;  lake  in  Park  County. 
Alkali;  springs  in  Las  Animas  County. 
Allen*;  creek,  a  right-hand  branch  of  Tarryall  Creek. 
Allen  Park;  post  village  in  Boulder  County. 
Allenton;  station  in  Eagle  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  7,134  feet     Post-office,  Edwards. 
Allison;  post  village  in  La  Plata  County. 
Alma;  post  village  in  Park  County  on  Colorado  and  Southern 

Railway;  population  in  1900,  297;  altitude,  10,238  feet Leadville. 

Almont;  post  village  in  Gunnison  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,031  feet. 

Alnwick;  village  in  Teller  County Pikes  Peak. 

Alpine;  gulch  in  Hinsdale  County,  tributary  to  Henson  Creek.  Lake  City. 
Alpine;  pass  over  Sa watch  Range,  between  Chaffee  and  Gun- 
nison counties. 
Alpine;  peak  in  Front  Range  in  Clear  Creek  County;  altitude, 

11,525  feet Georgetown. 

Alpine;  plateau  in  Gunnison  County  sloping  northward  from 

the  summits  of  San  Juan  Mountains  toward  the  Gunnison 

River. Lake  City. 

Alpine;  station  in  Chaffee  Coimty  on  Colorado  and  Southern 

Railway. 
Alpine;  tunnel  in  Gunnison  County  on  Colorado  and  Southern 

Railway;  altitude,  11,606  feet. 

Alps;  hill  in  Gilpin  County  . .-. Centfal  City  Special. 

Alps;  mountain  in  Clear  Creek  County;  altitude,  10,508  feet..  Georgetown. 
Alps  Junction;  station  in  Lake  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  11,328  feet. 
Alta  Basin;  cirque  in  Silver  Mountain,  San  Miguel  County  . .  Telluride. 
Alta  Vista;  station  in  Teller  County  on  Florence  and  Cripple 

Creek  Railroad;  altitude,  9,703  feet. 
Altman;  post  town  in  Teller  County  on  Florence  and  Cripple 

Creek  Railroad;  population  in  1900,  659;  altitude,  10,786 

feet Pikes  Peak. 

Altman;  pass  between  Chaffee  and  Gunnison  counties. 

Altona;  post  village  in  Boulder  County Boulder. 

Altruria;  station  in  Park  County  on  Colorado  and  Southern 

Railway. 
Altura;  station  in  Archuleta  County    on  Denver    and    Rio 

Grande  Railroad. 

American  Basin;  valley  in  Hinsdale  County Silverton. 

American  Flat;  valley  in  Hinsdale  County Silverton. 

Americus;  station  in  Chaffee  County    on  Denver  and   Rio 

Grande  Railroad;  altitude,  8,174  feet. 
Ames;  post  village  in  San  Miguel  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,678  feet Telluride. 

Ajnethyat;  post  village  in  Mineral  County  on  Denver  and  Rio 
Grande  Railroad;  incorporated  as  Creedeto'wii. 
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Atlas  sheet 

Amherst;  station  in  Phillips  County  on  Burlington  and  Mis- 
souri River  Railroad;  altitude,  3,685  feet. 

Amherst;  mountain  in  La  Plata  County Needle  Mountains. 

Amity;  post  village  in  Prowers  County  on  Atchison,  Topeka, 
and  Santa  Fe  Railway;  altitude,  3,416  feet 

Amo;  post  village  in  El  Paso  County. 

Anaconda;  post  village  in  Teller  County  on  the  Colorado 
Springs  and  Cripple  Creek  District,  the  Florence  and  Crip- 
ple Creek,  and  the  Midland  Terminal  railways;  popu- 
lation in  1900,  1,059;  altitude,  9,453  feet Pikes  Peak. 

Anchor;  mountain  in  Dolores  County;  altitude,  12,092  feet...  Rico. 

Anchoria;  station  in  Teller  County  on  Colorado  Springs  and 
Cripple  Creek  District  Railway. 

Anderson;  canyon  in  Otero  County  tributary  to  Purgatory 

River Timpas. 

Anderson;  creek  in  Montrose  and  San  Miguel  counties,  a  right- 
hand  branch  of  San  Miguel  River. 

Anderson;  station  in  San  Miguel  County  on  Rio  Grande 
Southern  Railroad;  altitude,  8,128  feet 

Ang'ora;  post  village  in  Rio  Blanco  County. 

Animas;  river  in  La  Plata  County,  a  right-hand  branch  of  San 
Juan  River,  flowing  southward  into  New  Mexico;  discharge 
at  Durango,  July  17  to  December  7,  1904,  266,900  acre-feet 

Animas;  town  in  La  Plata  County  on  Denver  and  Rio  Grande 

Railroad;  population  in  1900,  154;  altitude,  6,540  feet Durango. 

Animas  City;  mountain  in  La  Plata  County Durango. 

Animas  Forks;  post  village  in  San  Juan  County. 

Animas  Park;  valley  of  Animas  River  in  the  southern  spurs 
of  San  Juan  Mountains. 

Anita;  peak  of  Park  Range,  Routt  County;  altitude,  10,661  feet. 

Anstees;  station  in  Jefferson  County  on  the  Burlington  and 
Missouri  River  and  the  Colorado  and  Southern  railways. 

Antelope;  trcek  in  Baca  County,  a  right-hand    branch  ofr Vilas. 
Horse  Creek.  \ Albany. 

Antelope;  creek  in  Bent  County,  a  left-hand  fork  of  Mud 

Creek,  tributary  to  Arkansas  River Two  Butte. 

Antelope;  creek  in,  Custer  County,  a  right-hand  branch  of 

(xrape  Creek,  tributary  to  Arkansas  River Canyon  City. 

Antelope ;  (ireek  in  (xrand  County,  a  left-hand  branch  of  Muddy 
Creek,  tributary  to  Grand  River. 

Antelope;  creek  in  Gunnison  County,  a  right-hand  branch  of 
Gunnison  River. 

Antelope;  creek  in  Morgan  County,  a  left-hand  branch  of 
South  Platte  River. 

Antelope;  hill  in  Weld  County Greeley. 

Antelope;  mesa  in  Otero  County;  altitude,  4,858  feet Catlin. 

Antelope;  springs  in  Mineral  County. 

Antelope;  springs  in  Otero  County;  altitude,  4,734  feet Catlin. 

Antelope  Park;  open  valley  in  Mineral  and  Hinsdale  counties, 
in  San  Juan  Mountains,  on  Rio  Grande. 

Antero,  Mount;  in  Chaffee  County;  altitude,  14,245  feet 

Anthracite;  creek  in  Gunnison  county,  a  right-hand  branch 

of  North  Fork  Gunnison  River AntVvt«jc\\». 
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Atlas  sheet. 

Anthracite;  mesa  in  Gunnison  County. 

Anthracite;  post  village  in  Routt  County. 

Anthracite;  range  in  Gunnifion  County Anthracite. 

Anthracite;  station  in  Gunnison  County  on  Denver  and  Rio 
Grande  Railroad. 

Antlers;  post  village  in  Garfield  County  on  the  Colorado  Mid- 
land and  the  Denver  and  Rio  Grande  railroads;  altitude, 
5,350  feet. 

Antonito;  creek  in  Conejos  County,  a  right-hand  branch  of 
Rio  Conejos,  tributary  to  Rio  Grande. 

Antonito;  post  town  in  Conejos  County  on  Denver  and  Rio 
Grande  Railroad;  population  in  1900,  347;  altitude,  7,876 
feet 

Anvil;  mountain  in  San  Juan  County Silverton. 

Apache;  canyon  in  Las  Animas  County,  tributary  to  Purga- 
tory River. 

Apache;  creek  in  Huerfano  County,  a  left-hand  branch  of 

Huerfano  River VVaKsenburg. 

Apache;  post  village  in  Huerfano  County Walsenbui^. 

Apache;  station  in   Huerfano   County  on    Denver  and   Rio 

Grande  Railroad;  altitude,  5,934  feet Walsenburg. 

Apex;  post  village  in  Gilpin  County. 

Apishapa;  bluff  in  Otero  County;  altitude,  4,675  feet Catlin. 

Apiahapa;  canyon  in  Las  Animas  County,  through  which  flows 

a  branch  of  Apishapa  River Spanish  Peaks. 

Apishapa;  lava  dike  in  Las  Animas  County;  altitude,  6,568 

feet Spanish  Peaks. 

Apishapa;  post  village  in  Las  Animas  County  on  Denver  and 

Rio  Grande  Railroad ;  altitude,  6, 146  feet Spanish  Peaks. 

Apishapa;  river  in  Las  Animas,  Huerfano,  and  Otero  counties, 
a  right-hand  branch  of  Arkansas  River,  heading  in  Spanish 
Peaks  and  flowing  northeastward  to  its  mouth.  It  orig- 
inates in  North  and  South  Forks. 

Arapahoe;  county  in  the  northeastern  part  of  the  State; 
bounded  on  the  north  by  Adams  County,  on  the  east  by 
Washington  County,  on  the  south  by  Douglas  and  Elbert 
counties,  and  on  the  west  by  Denver  and  Jefferson  counties. 
The  surface  consists  of  rolling  plains  traversed  by  dry  water 
courses,  the  southern  tributaries  of  South  Platte  River.  It 
is  sparsely  settled  with  the  exception  of  the  western  part, 
where  there  are  many  stations  on  the  great  railroads,  the 
Colorado  and  Southern,  the  Atchison,  Topekaand  Santa  Fe, 
and  the  Denver  and  Rio  Grande.  The  area  is  823  square 
miles.  This  county  having  been  reduced  from  4,723  square 
miles  to  its  present  area,  by  the  formation  of  Adams  and 
Denver  counties  and  the  enlargement  of  Washington  and 
Yuma  counties,  since  the  Onsus  of  1900,  it  is  impossible 
to  give  its  population  or  the  number  of  cultivated  acres. 
The  county  seat  is  Littleton,  a  town  of  about  738  inhabit- 
ants in  1900.  In  1900  the  average  magnetic  declination 
was  for  the  eastern  part  12°  40^^  east,  and  for  the  western 
part  13^  25'  east.  The  mean  annual  rainfall  is  about  15 
inches,  and  the  mean  annual  temperature  45°  to  50°. 
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Arapahoe;  creek  in  Larimer  County,  a  right-hand  branch  of 
Big  Grizzly  Creek,  tributary  to  North  Platte  River. 

Arapahoe;  peak  in  Front  Range  on  boundary  between  Grand 
and  Boulder  counties;  altitude,  13,520  feet. 

Arapahoe;  station  in  Cheyenne  County  on  Union  Pacific  Rail- 
road; altitude,  4,012  feet Cheyenne  Wells. 

Arastra;  creek  in  San  Juan  County,  a  left-hand  branch  of 

Animas  River Silverton. 

Arastra;  post  village  in  San  Juan  County Silverton. 

Arboles;  post  village  in  Archuleta  County  on  Denver  and  Rio 
Grande  Railroad;  altitude  6,001  feet. 

ArbourviUe;  station  in  Chaffee  County  on  Denver  and  Rio 
Grande  Railroad. 

Arbuckle;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Blackhawk. 

Archer;  station  in  Jefferson  County  on  Colorado  and  Southern 

Railway Denver. 

Archuleta;  county  in  the  extreme  southern  part  of  the  State; 
bounded  on  the  north  by  Mineral  and  Hins<lale  counties, 
on  the  east  by  Conejos  County  on  the  south  by  New  Mex- 
ico, and  on  the  west  by  La  Plata  County.  The  county  is 
drained  by  the  upper  waters  of  San  Juan  River  and  ita 
branches  from  the  north,  the  chief  of  which  are  Piedra, 
Mariposa,  Blanco,  and  Navajo  rivers.  The  southern  part 
includes  the  valley  of  San  Juan  River,  entering  wliich  are 
narrow  valleys  trom  the  north  separated  by  spurs  rising 
northward  to  the  San  Juan  Mountains,  in  which  these 
streams  head.  The  greatest  elevation  in  the  county  is  Sum- 
mit Peak,  13,323  feet.  The  area  is  1,209  scjuare  miles,  of 
which  10,372  atTes,  or  1  per  cent,  were  under  cultivation  in 
1900.  The  population  in  1900  was  2,117,  and  of  Pagosa 
Springs,  the  county  seat,  367.  In  1900  the  average  mag- 
netic declination  was  14°  20^  east.  The  mean  annual  rain- 
fall is  about  15  inches,  and  the  mean  annual  temperature  40°. 

Arctic;  station  in  Jefferson  County  on  Colorado  and  South- 
em  Railway. 

Arden;  station  in  Kiowa  County  on  Missouri  Pacific  Railway; 

altitude,  4,055  feet Granada. 

Arena;  creek  in  Saguache  County,  a  left-hand  branch  of  San 
Luis  Creek. 

Arena;  station  in  Chaffee  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  7,442  feet. 

Arena;  station  in  Cheyenne  County  on  Union  Pacific  Rail- 
road; altitude,  4,225  feet. 

Arena;  village  in  Teller  County. 

Arequa;  gulch  in  Teller  County,  tributary  to  Cripple  Creek ..  i Cripple  Creek  Spe- 

Arequa;  village  in  Teller  County /    cial. 

Ar^ntine;  pass  in  Front  Range,  between  McClellan  Moun- 
tains and  Grays  Peak;  altitude,  13,286  feet. 

Ar^ntine;  post  village  in  Summit  County  on  Colorado  and 

Southern  Railway;  altitude,  10,589  feet Leadville. 

Bull.  No.  291-06 2 
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Argo;  post  town  in  Denver  County,  the  site  of  extensive 
smelting  works  on  the  Colorado  and  Southern  and  the 
Burlington  and  Missouri  River  railroads;  population  in 
1900,  443;  altitude,  5,206  feet Denver. 

Argo  Junction;  station  in  Denver  County  on  the  Colorado  and 

Southern  and  the  Burlington  and  Missouri  River  railroads.  Denver. 

Arikaree;  post  village  in  Washington  County. 

Arikaree;  river  in  Arapahoe  and  Adams  counties,  a  right-hand 
branch  of  Republican  River. 

Arkansas;  river  of  Colorado,  Kansas,  Oklahoma  Territory, 
Indian  Territory,  and  Arkansas;  one  of  the  main  western 
branches  of  Mississippi  River,  which  it  joins  on  the  east 
boundary  of  Arkansas.  The  river  heads  in  Tennessee  Pass 
in  central  Colorado  at  an  altitude  of  10,000  feet  above  the 
sea;  it  flows  first  south  in  a  mountain  valley,  and  then  east 
through  a  succession  of  canyons,  passing  out  of  the  moun- 
tains just  west  of  Canyon.  Its  course  is  east  across  the 
plains  through  eastern  Colorado  and  Kansas,  changing  to 
southeast  shortly  before  entering  Oklahoma  Territory,  and 
so  continuingthrough  that  Territory,  Indian  Territ<^>ry,  and 
Arkansas.  Although  its  total  length  is  1,497  miles,  with 
a  drainage  area  of  185,671  scjuare  miles,  it  carries  little 
water  l)et ween  Little  Rock,  Ark.,  and  the  western  bound- 
ary of  Kansas,  except  during  times  of  flood,  owing  to  the 
fact  that  the  larger  part  of  its  drainage  basin  is  within  the 
arid  region.  Indeed  in  southern  Kansas  the  stream  bed  is 
frequently  dry  in  the  late  summer.  It  has  many  long 
tributaries,  including  White,  Neosho,  Verdigris,  Cimarron, 
and  Canadian  rivers,  but  none  except  the  White  brings  to 
it  much  water;  the  discharge  for  1904  at  Canyon  was 
409,000  acre-feet. 

Arkansas;  hills  in  Fremont  County,  fonning  the  southeastern 
limit  of  South  Park  and  extending  to  Arkansas  River.  The 
summits  exceed  11,000  feet  in  height. 

Arkansas;  mountain  in  Boulder  County;  altitude,  7,700  feet. .  Boulder. 

Arkansas;  mountain  in  Lake  County;  altitude,  13,807  feet l^adville. 

Arkansas  Junction;  post  \nllage  in  Lake  County  on  Colorado 
Midland  Railway;  altitude,  9,678  feet. 

Arkansas  Valley  Junction;  station  in  Lake  County  on  Den- 
ver and  Rio  Grande  Railroad. 

Arkins;  post  village  in  I^rimer  County  on  Colomdo  and  South- 
ern Railway;  altitude,  5,224  feet. 

Arlington;  post  village  in  Kiowa  C^mnty  on  Missouri  Paciiic 

Railway;  altitude,  4,217  feet Las  Animas. 

Arloa;  post  village  in  Montezuma  County. 

Armel;  post  village  in  Yuma  County. 

Arriba;  post  village  in  Lincoln  County  on  Chicago,  Rock  Island 
and  Pacific  Railway;  altitude,  5,243  feet. 

Arriola;  village  in  Montezuma  County. 

Arrow;  peak  in  San  Juan  County;  altitude,  18,80.S  feet Needle  Mountains*. 

Arrow;  post  village  in  (trand  County. 

Arrow  Head;  station  in  (irand  County  un  Denver,  North- 
western and  Pacific  Railway. 
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Arroyo;  station  in  Cheyenne  County  on  Union  Pacific  Rail- 
road; altitude,  4,563  feet Arroyo. 

Arthur;  village  in  Pueblo  County. 

Arthurs;  station  in  Park  County  on  Colorado  and  Southern 

Railway;  altitude,  9,172  feet. 
Arvada;   pont  village  in  Jefferson  County  on  Colorado  and 

Southern  Railway;  altitude,  5,330  feet Denver. 

Ascalon;  station  in  Cheyenne  County  on  Union  Pacific  Rail- 
road; altitude,  4,420  feet. 
Ash;  village  in  Ouray  County. 

Ashcroft ;  post  village  in  Pitkin  County Aspen. 

Ashero;  village  in  Pitkin  County. 

Ashland;   gulch  in  La  Plata  County,  tributary  to  La  Plata 

River I^  Plata. 

Ashland;  post  village  in  Kit  Carson  County. 

Aspen;  creek  in  Gunnison  County,  right-hand  branch  of  Rock 

Creek,  tributary  to  Roaring  Creek. 
Aspen;    mining  city  in  Pitkin  County  on  Denver  and  Rio 

Grande  Railroad;  population  in  1900.  3,303;  altitude,  7,943 

feet Aspen. 

Aspen  Junction;  station  in  Pitkin  County  on  the  Colorado 

Midland  and  the  Denver  and  Rio  Grande  railroads;  alti- 
tude, 6,(K)0  feet. 
Atchee;  post  village  in  Garfield  County. 
Atchison;  creek  in  Montrose  County,  a  right-hand  branch  of 

San  Miguel  River.  * 

Atchison,  Topeka  and  Santa  Fe  Railway;  system  extending 

from  Chicago  to  the  Pacific  coast;  its  main  line  to  the  west 

crosses  the  southeastern  part  of  Colora<io,  following  the 

valley  of  Arkansas  River,  which  it  leaves  at  La  Junta, 

bearing  southwest  to  Trinidad,  south  of  which  it  crosses 

into  New  Mexico.     An  important  branch  continues  up  the 

Arkansas  Valley  to  Pueblo,  and  thence  through  Colorado 

Springs  to  Denver. 
Athol;  station  on  Colorado  and  Southern  Railway;  altitude, 

6,313  feet. 

Atlanta;  village  in  Baca  County.  - Two  Butte. 

Atlantic;,  village  in  Gunnison  County. 

Atwood;  post  village  in  Logan  County  on  the  Union  Pacific 

and  the  Burlington  and  Missouri  River  railroads;  altitude, 

3,982  feet. 
Audubon;  mountain  in  Boulder  County;  altitude,  13,173  feet. 
Augusta;  mountain  in  Gunnison  County;  altitude,  12,615  feet.  Anthracite. 
Ault;  post  village  in  Wel<l  County,  on  Union  Pacific  Railroad; 

altitude,  4,941  feet. 
Aurora;  village  in  Adams  County. 

Austin;  bluffs  in  El  Paso  County;  altitude,  6,699  feet Colorado  Springs. 

Austin;  post  village  in  Garfield  County. 

Ava;    village  in  Pitkin  County  on  Denver  and  Rio  Grande 

Railroad. 
Avcdanche;  creek  in  Pitkin  County,  a  right-hand  branch  of 

Rock  Creek,  tributary  to  Roaring  Creek. 
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Avcdanche;  village  in  Pitkin  County  on  Crystal  River  Rail- 
road; altitude,  6,934  feet. 

Avalo;  post  village  in  Weld  County. 

Avendcde;  village  in  Kit  Carson  County  on  Denver  and  Rio 
Grande  Railroad. 

Avery;  peak  in  Elk  Mountains,  Gunnison  County;  altitude, 

12,659  feet Cre8te<i  Butte. 

Avoca;  village  in  Adams  County. 

Avon;  post  village  in  Eagle  County;  altitude,  7,465  feet 

Avondale;  post  village  in  Pueblo  County Nepesta. 

Axial;  post  village  in  Routt  County. 

Aadal  Basin;  extensive  valley  in  Routt  County,  on  Yanipa 
River. 

Aztell;  mountain  in  Gunnison  County;  altitude,  12,012  feet..  Anthracite. 

Ayer;  station  in  Otero  County,  on  Atchison,  Topekaand  Santa 
Fe  Railway;  altitude,  4,574  feet. 

Aylmer;  post  village  in  Las  Animas  County.  Railroad  name, 
Bowen. 

Ayr;  small  village  in  Prowers  County Two  Butte. 

Aztec;  gulch  in  Dolores  County,  tributary  to  East  Dolores  River.  Rico. 

Aztec;  mountain  in  La  Plata  County Needle  Mountains. 

Aztec;  spring  in  Montezuma  County. 

Aztec  Spring;  creek  in  Montezuma  County,  a  right-hand 
branch  of  Rio  Mancos,  tributary  to  San  Juan  River. 

Aztec  Village;  old  town  in  Montezuma  County. 

Babcock;  village  in  Chaffee  County. 

Babcock;  peak  in  La  Plata  County Ia  Plata. 

Baca;  county  in  the  southeastern  part  of  the  State;  bounded 
on  the  north  by  Prowers  and  Bent  counties,  on  the  east  by 
Kansas,  on  the  south  by  Oklahoma,  and  on  the  west  by 
Las  Animas  County.  The  surface  consists  of  rolling  plains 
which  are  covered  in  the  southern  portion  by  sand  hills, 
and  in  the  extreme  south  the  plains  are  broken  by  many 
canyons  tributary  to  the  Cimarron  River,  which  flows 
through  the  southeastern  part  of  the  State.  The  area  is 
2,531  square  miles,  of  which  7,832  acres,  or  about  one-half 
of  1  per  cent,  were  under  cultivation  in  1900.  The  popula- 
tion in  1900  was  759,  and  of  Springfield,  the  county  seat,  44. 
In  1900  the  average  magnetic  declination  w-as  12°  25''  east. 
The  mean  annual  rainfall  is  about  17  inches,  and  the  mean 
annual  temperature  50°  to  55^. 

Bachelor  Switch;  station  in  Ouray  County  on  Denver  and 

Rio  Grande  Railroad Ouray. 

Baculite;  mesa  in  Pueblo  County Pueblo. 

Badger;  creek  in  Adams,  Arapahoe,  and  Morgan  counties,  a 
left-hand  branch  of  Beaver  Creek,  tributary  to  South  Platte 
River. 

Badger;  creek  in  Fremont  County,  a  left-hand  tributary  to 
Arkansas  River. 

Badger;  station  in  Fremont  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  6,765  feet. 

Badger;  station  in  Teller  County  on  Colorado  Springs  and 
Cripple  Creek  District  Railway. 
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Badito;  peak  in  Huerfano  County Huerfano  Park. 

Badito;  post  village  in  Huerfano  County Huerfano  Park. 

Bagdad;  station  in  Lincoln  County  on  Union  Pacific  Railroad; 

altitude,  5,178  feet. 
Bailey;  post  village  in  Park  County  on  Colorado  and  Southern 

Railway ;  altitude,  7, 725  feet Platte  Canyon. 

Baker;  gulch   in  Grand  County,  tributary  to  North  Grand 

River. 

Baker;  peak  in  La  Plata  County La  Plata. 

Baker;  peak  in  Routt  County;  altitude,  9,510  feet. 

Bakers  Park;  valley  in  the  heart  of  San  Juan  Mountains  at 

the  headwaters  of  Animas  River. 

Balarat;  village  in  Boulder  County;  altitude,  7,540  feet Boulder. 

Balcom;  station  in  Jefferson  County  on  Colorado  and  Southern 

Railway Denver. 

Bcdd;  mountain  in  Front  Range,   Boulder  County;  altitude, 

11,493  feet. 
Bcdd;  mountain  in  Front   Range,  Larimer  (-ounty;  altitude, 

11,270  feet. 
Bald;   mountain  in   Park   Range,  Summit  County;   altitude, 

13,974  feet I^eadville. 

Bald;  mountain  in  San  Juan  Mountains,  San  Miguel  County; 

altitude,  11,700  feet Telluride. 

Bald;  peak  in  Delta  County;  altitude,  10,632  feet. 

Bald  Blnob;  summit  in  San  Juan  Mountains,  La  Plata  County; 

altitude,  11,600  feet Durango. 

Bcdd  Mountain;  post  village  in  Gilpin  County Central  City  Special. 

Bcddwin;  station  in  Gunnison  County  on  Colorado  and  South- 
em  Railway;  altitude,  8,696  feet Anthrat^ite. 

Baldy;  hill  in  Phillips  County. 

Bcddy ;  i)eak  in  Ia  Plata  Mountains,  La  Plata  County La  Plata. 

Baldy;  peak  in  Ouray  County;  altitude,  10,615  feet Ouray. 

Baldy;  station  in  Costilla  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  7,607  feet. 
Baldy,  Mount;  in  Elk  Mountains,  Gunnison  County;  altitude,       ^ 

12,809  feet A nthracit«. 

Balfour;  poet  village  in  Park  County. 

Bcdl;  gulch  in  Boulder  County,  tributary  to  Little  Jim  Creek. .  Boulder. 

Ball;  mountain  in  Lake  County Leadville. 

Ballard;  mountain  in  San  Miguel  County Telluride. 

Bailer;  lake  in  Boulder  County Niwot. 

Balscun;  lake  in  San  Juan  County;  altitude,  11,435  feet Needle  Mountains. 

Baltimore;  village  in  Gilpin  County. 

Balzac;  station  in  Morgan  County,  on  the  Union  Pacific  and  the 
•     Burlington  and  Missouri  River  railroads;  altitude,  4,095  feet. 
Balzac;  village  in  Garfield  County. 

Banded;  mountain  in  Montezuma  County La  Plata. 

Banded;  peak  in  San  Juan  Mountains,  Archuleta  County;  alti- 
tude, 12,860  feet. 

Bandora;  village  in  San  Juan  County Telluride. 

Banta;  hill  in  Gilpin  County;  altitude,  8,750  feet Central  City  Special. 

Barbour  Fork;  in  Clear  Creek  County,  a  left-hand  branch  of 

Soda  Creek,  tributary  to  Clear  Creek Vji^iOT%jeX/o>«w. 
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Bard;  creek  in  Clear  Creek  County,  a  left-hand  branch  of  Clear 

Creek Georgetown. 

Bardine;  post  village  in  Gunnison  County. 

Bare  Hills;  village  in  Fremont  County Pikes  Peak. 

Barela;  post  village  in  Las  Animas  County  on  Colorado  and 

Southern  Railway;  altitude,  5,739  feet Elmoro. 

Barker;  lake  in  Garfield  County. 

Barley;  gulch  in  Rio  Blanco  County,  tributary  to  Piceance 
Creek. 

Barlow;  creek  in  Dolores  County,  a  leftrhand  branch  of  EastfTelluridc 

Dolores  River.  I  Engineer  Mountain. 

Barnes;  station  in  Las  Animas  County,  on  the  Denver  and  Rio 
Grande  and  the  Colorado  and  Southern  railways;  altitude, 
6,220  feet Spaninh  Peaks. 

Barnes;  village  in  Montrose  County.  ^ 

Barney;  lake  in  Boulder  County Niwot. 

Bamroof  Point;  summit  in  La  Plata  County;  altitude,  8,710 

feet - Durango. 

Bamum;  station  in  Denver  County,  on  Denver,  Lakewood  and 
Golden  Railroad. 

Bamum  Junction;  station  in  Arapahoe  County,  on  Denver, 
Lakewood  and  Golden  Railroad. 

Barr;  post  village  in  Adams  County  on  Burlington  and  Mis- 
souri River  Railroad ;  altitude,  5,104  feet Denver. 

Barre;  station  in  Chaffee  County  on  Colorado  Midland  Rail- 
way; altitude,  8,579  feet. 

Bartholomew;  station  in  Summit  County  on  Colorado  and 
Southern  Railway. 

Bartlett,  MOTint;  in  Summit  County Lea<l ville. 

Barton;  post  village  in  Prowers  County.  Railroad  name,  Byron. 

Basalt;  mountain  in  Garfield  County. 

Basalt;  peak  in  F^le  County;  altitude,  11,90(5  feet. 

Basalt;  post  town  in  Eagle  County  on  Colorado  Midland  Rail- 
way; population  in  1900,  382;  altitude,  6,595  feet. 

Basin;  creek  in  La  Plata  County,  a  right-hand  branch  of  La 

Plata  River La  Plata. 

Basin;  creek  in  San  Miguel  County,  a  left-hand  branch  of 
San  Miguel  River. 

Basin;  plateau  in  San  Miguel  County  between  San  Mij^uel 
and  Dolores  rivers. 

Bass;  ntation  in  La  Plata  County  on  Denver  and  Rio  Grande 
Railroad. 

Baster;  gulch  in  Gunnison  County,  tributary  to  Slate  River  .,  Crested  Butte. 

Bates;  hill  in  Gilpin  County. Central  City  Special. 

Bates;  village  in  Gilpin  County Blackhawk. 

Bath;  station  in  Chaffee  County  on  the  Colorado  Midland  and 
the  Colorado  and  Southern  railways;  altitude,  9,470  feet. 

Battle;  mountain  in  Eagle  County. 

Battle;  mountain  in  Teller  County fCripple  Creek    Spe- 

l     cial. 
Battlement;  creek  in  Garfield  County,  a  left-hand  branch  of 
Grand  River. 
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Battlement;  mesa  in  Gardeld  and  Mesa  counties,  between 

Grand  River  and  Plateau  Creek ;  altitude,  nearly  12,000  feet. 
Battlement  Mesa  Forest  Beserve;  area,  1,246  square  miles. 
Baxter;  station  in  Pueblo  County  on  the  Atchison,  Topeka 

and  Santa  Fe  and  the  Missouri  Pacific  railways;  altitude, 

4,624  feet. 

Baxter  Basin;  valley  in  Gunnison  County Anthracite. 

Bay  City;  gulch  in  La  Plata  County,  tributary  to  Ijl  Plata 

River I^  Plata. 

Bayfield;  post  village  in  La  Plata  County. 

Beacon  Hill;  station  in  El  Paso  County  on  Midlan<l  Term inaU Cripple  Creek  Spe- 

Railway.  I    cial. 

Beale;  creek  in  Logan  County,  a  left-hand  branch  of  Horsetail 

Creek,  tributary  to  South  Platte  River. 
Beaqua;  village  in  Teller  County  on  Colorado  Springs  and 

Cripple  Creek  District  Railway. 
Bear;  canyon  in  Boulder  County,  tributary  to  South  Boulder 

Creek Blackbawk. 

Bear;  creek  in  Baca  County,  a  right-hand  branch  of  Horse r Springfield. 

Creek.  iVilas. 
Bear;  creek  in  Clear  Creek  County,  a  left-hand  branch  of  Tur- 
key Creek,  tributary  to  South  Platte  River Georgetown. 

Bear;  creek  in  El  Paso  County,  aright-hand  branch  of  Fountain 

Creek,  tributary  to  Arkansas  River Colorado  Springs. 

Bear;  creek  in  Huerfano  County,  near  Mosca  Pass,  a  left-hand 

branch  of  Huerfano  River Huerfano  Park. 

Bear;  creek  in  Jefferson  and  Arapahoe  counties,  a  left-hand 

branch  of  South  Platte  River Denver. 

Bear;  creek  in  La  Plata  County,  a  left-hand  branch  of  Animas 

River Durango. 

Bear;  creek  in  Las  Animas  County,  a  right-hand  branch   offWalsenburg. 

Cuchara  River.  ISpanish  Peaks. 

Bear;  creek  in  Montezuma  County,  a  left-hand  branch  of  East 

Dolores  River Rico. 

Bear;  creek  in  Ouray  County,  a  right-hand  branch  of  Uncom-fOuray. 

pahgre  River.  ISilverton. 

Bear;  creek  in  Rio  Grande  County,  a  left-hand  branch  of  Rio 

(Jrande. 

Bear;  creek  in  San  Juan  County,  outlet  of  Kite  Lake Needle  Mountains. 

Bear;  creek  in  San  Juan  county,  a  right-hand  branch  of  Ani- 
mas River Silverton. 

Bear;  creek  in  San  Miguel  County,  a  left-hand  branch  of  San 

Miguel  River Telluride. 

Bear;  gulch  in  Boulder  county,  tributary  to  Founnile  Creek..  Boulder. 

Bear;  mountain  in  Routt  County. 

Bear;  mountain  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  12,960  feet Silverton. 

Bear;  river  in  Routt  and  Garfield  counties,  a  right-hand  branch 

of  Yampa  River. 
Bear  Creek;  station  in  Montezuma  County  on  Denver  and  RioflA  Plata. 

Grande  Railroad;  altitude,  7, 849  feet.  »Rico. 

Bear  River;  mountains  in  San  Juan  Mountains  in  which  heads 

Dolores  River ^efc^'e  '^wMcvXaAxv^. 
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Beartown;  village  in  San  Juan  County Needle  Mountains. 

Beartrack;  creek  in  Clear  Creek  County,  a  right-hand  hranch 

of  Bear  Creek,  tributary  to  South  Platte  River Georgetown. 

Beasley;  creek  in  Boulder  County,   a  left-hand  branch  of 

Boulder  Creek Niwot. 

Beasley  Keservoir ;  artificial  lake  in  Boulder  County Niwot. 

Seattle;  peak  in  San  Miguel  County Telluride. 

Beaver;  creek  in  Arapahoe,  Adams,  and  Morgan  counties,  a 

right-hand  branch  of  South  Platte  River. 
Beaver;  creek  in  Boulder  County,  a  left-hand  branch  of  South 

St.  Vrain  Creek Boulder. , 

Beaver;  creek  in  Boulder  County,  a  right-hand  branch  of  South 

Boulder  Creek,  tributary  to  Boulder  Creek Blackhawk. 

]                  Beaver;  creek  in  El  Paso  County,  a  rightrhand  branch  of  Mon- 
ument Creek,  tributary  to  Arkansas  River Castle  Rock. 

Beaver;  creek  in  Fremont  County,  a  left-hand  branch  of  Arkan-f  Pikes  P^k. 

sas  River.  I  Pueblo. 

Beaver;  creek  in  Grand  County,  a  left-hand  branch  of  Grand 

River. 
Beaver;  creek  in  Gunnison  County,  a  left-hand  branch  of  East 

River,  tributary  to  Slate  River Crested  Butte. 

■  Beaver;  creek  in  Larimer  County,  a  right-hand  branch  of  Little 

I  Thompson  Creek,  tributary  through  Thompson  Creek  to 

j  South  Platte  River. 

Beaver;  creek  in  Larimer  County,  a  left-hand  branch  of  Lara- 

'  mie  River. 

i 

!  Beaver;  creek  in  Larimer  County,  a  right-hand  bran(;h  of  Rasp- 

}  berry  Fork,  tributary  to  North  Platte  River. 

Beaver;  creek  in  Montezuma  County,  a  right-hand  branch  of 
,  Dolores  River. 

I  Beaver;  creek  in  Park  County,  a  left-hand  branch  of  South 

Platte  River Leadville. 

Beaver;  creek  in  Rio  Blanco  and  Routt  counties,  a  right-hand 
;  branch  of  South  Fork  Williams  River. 

1  Beaver;  creek  in  Rio  Grande  County,  a  right-hand  branch  of 

i  Rio  Grande. 

Beaver;  post  village  in  Pueblo  County Pueblo. 

Beaver;  ridge  in  Park  County licadville. 

Beaver;  village  in  Fremont  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  4,984  feet. 
Beaver  Brook;  creek  in  Clear  Creek  County,  a  left-hand  branch 

of  Little  Bear  Creek,  tributary  to  Clear  Creek Georgetown. 

Beaver  Brook;  station  in  Jefferson  County  on  Colorado  and 

Southern  Railway;  altitude,  6,408  feet. 
Beavercreek;  village  in  Fremont  County. 
Beaverdam;  creek  in  Clear  Creek  County,  a  left-hand  branch 

of  Vance  Creek,  tributary  to  South  Platte  River Georgetown. 

Beaver  Station;  village  in  Morgan  County. 
Beckwith;    mountain  in  Elk  Mountains,  Gunnison  C-onnty; 
altitude,  12,371  feet. 

Beckwith;  pass  in  Gunnison  County Anthmtrite. 

Bedrock;  creek  in  La  Plata  County,  a  right-hand  V>ranch  of  I^ 

Plata  River J^  Plata. 
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Bedrock;  town  in  Montrose  County;  population  in  1900,  35. 

Beebe  Draw;  stream  in  Weld  Ck)unty Greeley. 

Beecher;  post  village  in  Yuma  County. 

Belden;  station  in  Eagle  County  on  Denver  and  Rio  Grande 
Railroad. 

Belford;  village  in  Hinsdale  County. 

Bell;  village  in  La  Plata  County. 

Belle  View;  mountain  in  Rio  Grande  County;  altitude,  12,673 
feet. 

Belleview;  station  in  Chaffee  County  on  Denver  and  Rio 
Grande  Railroad. 

Bellevue;  mountain  in  Clear  Creek  County;  altitude,  9,684 fldaho  Springs  Spe 
feet.  I    oial. 

Bellevue;    mountain  in   Elk   Mountains,   Gunnison  County; 
altitude,  12,350  feet 

Bellevue  Junction;  station  in  Larimer  County  on  Colorado 
and  Southern  Railway;  altitude,  5,211  feet. 

Bells  Spur;  station  in  La  Plata  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,578  feet. 

Bellvue;  post  village  in  Larimer  County;  population  in  1900, 99. 

Bellvue;  station  in  Teller  County  on  Colorado  Midland  Rail- 
way; altitude,  8,993  feet. 

Beloit;  village  in  Kit  Carson  County. 

Bennet;  post  village  in  Adams  County  on  Union  Pacific  Rail- 
road; altitude,  5,484  feet. 

Bennetts;  creek  in  Larimer  County,  a  right-hand  branch  of 

South  Fork  Cache  la  Poudre  River.  • 

Bent;  county  in  the  southern  part  of  the  State;  bounded  on  the 
north  by  Kiowa  County,  on  the  east  by  Prowers  County, 
on  the  south  by  Baca  and  Las  Animas  counties,  and  on  the 
west  by  Otero  County.  The  surface  consista  chiefly  of 
plains,  and  is  drainetl  by  Arkansas  River  and  ita  branches, 
the  chief  of  which  are  Purgatory  River,  Rule  Creek,  and 
Caddoa  Creek.  The  area  is  1,497  square  miles,  of  which 
38,858  acres,  or  4  i)er  cent,  were  under  cultivation  in  1900. 
The  population  in  1900  was  3,049,  and  of  Las  Animas,  the 
county  seat,  1,192.  In  1900  the  average  magnetic  declina- 
tion was  12°  15^^  east.  The  mean  annual  rainfall  is  alx)ut 
12  inches,  and  tlie  mean  animal  temperature  50°  to  55°. 

Bent;  creek  in  Hinsdale  County,  a  left-hand  branch  of  Lake 

Fork  Gunnison  River San  Cristobal. 

Bent  Canyon;  small  village  in  Las  Animas  County  near  Pur- 
gatory River Timpas. 

Benton;  station   in  Ot4?ro  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  4,270  feet Timpas. 

Bergen;  mountain  on  boundary  between  Clear  Creek  and 
Jefferson  counties;  altitude,  9,555  feet. 

Bergens  Park;  valley  in  Jefferson  County;  altitude,  7,543  feet. 

Berkeley;  lake  in  Denver  County Denver. 

Berkeley;  town  in  Arapahoe  County;  population  in  1900,  707. 

Berlin;  station  in  Arapahoe  County  on  Colorado  Eastern  Rail- 
road. 
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Bernard;  creek  in  Fremont  County,  a  left-hand  branch  of 
Arkansas  River. 

Bernard;  village  in  Mesa  County. 

Bemhard;  creek  in  Teller  County,  a  left-hand  branch  of  Spring 

Creek,  tributary  to  Arkansas  River Pikes  Peak. 

Bemice;  village  in  Costilla  County. 

Berrys  Ranch;  station  in  P^agle  County  on  Denver  and  Rio 
Grande  Railroad. 

Berthoud;  pass  in  Front  Range,  between  Clear  ('reek  and 
Grand  counties. 

Berthoud;  post  village  in  Larimer  County  on  Colorado  and 
Southern  Railway;  population  in  1900,  305;  altitude,  4,962 
feet. 

Berwind;  post  village  in  Las  Animas  County  on  a  spur  of  Col- 
orado and  Southern  Railway;  altitude,  6,462  feet Spanish  Peaks. 

Beshoar;  village  in  Las  Animas  County. 

Beshoar  Junction;  station  in  Las  Animas  County  on  Colorado 

and  Southern  Railway ;  altitude,  5,903  feet Elmoro. 

Bessemer;  post-office  in  Pueblo  County  on  Colorado  and  South- 
ern Railway;  altitude,  4,807  feet.  Railroad  name,  Minne- 
qua. 

Bessemer  Junction;  station  in  Pueblo  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  4,774  feet Pueblo. 

Bethesda;  post  village  in  Douglas  County. 

BethTine;  post  village  in  Kit  Carson  County  on  Chicago,  Rock 
Island  and  Pacific  Railway;  altitude,  4,263  feet. 

Beulah;  post  viTlage  and  summer  resort  in  Pueblo  County Pueblo. 

Biebles;  station  in  Gunnison  County  on  Colorado  and  South- 
ern Railway. 

Bierstadt;  station  in  El  Paso  County  on  Colorado  and  South- 
ern Railway ;  altitude,  6,601  feet Colorado  Springs. 

Big;  creek  in  Routt  County,  left-hand  branch  of  Elk  River, 
tributary  to  Bear  River. 

Big  Bear;  creek  in  San  Miguel  County,  a  left-hand  branch  of 

Sarf  Miguel  River Telluride. 

Big  Blue;  creek  in  Gunnison  County,  a  left-hand  brancrh  of 
Gunnison  River. 

Big  Buck;  creek  in  Gunnison  County,  a  right-hand  branch  of 

Lake  Fork  Gunnison  River Lake  City. 

Big  Bull;  mountain  in  Teller  County Pikes  Peak. 

Big  Cottonwood;  creek  in  Fremont  County,  a  right-hand 
branch  of  Arkansas  River. 

Big  Dry;  creek  in  Arapahoe  and  Douglas  counties,  a  right- 
hand  branch  of  South  Platte  River ^ Denver. 

Big  Dry;  creek  in  Weld  County,  a  left-hand  branch  of  South 

Platte  River Greeley. 

Big  Elk  Park;  valley  in  Boulder  County Boulder. 

Big  Grizzly;  creek  in  l^rimer  County,  a  right-hand  branch 
of  North  Platte  River. 

Bighill;  station  in  Jefferson  County  on  Colorado  and  South- 
ern Railway Blackhawk. 

BJ^hom;  mountain  in  Boulder  County;  altitude,  8,500  feet ..  Boulder. 
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Bighorn;  station  in    Conejos    County  on    Denver  and    Rio 

Grande  Railroad;  altitude,  9,022  feet. 
Bighorn;  town  in  Larimer  County. 

Big  John;  mountain  in  Boulder  County;  altitude,  9,077  feet. .  Boulder. 
Big  Per  Cent;  gulch  in  La  Plata  County,  tributary  to  Her- 

mosa  Creek Durango.    . 

Big  Sand;  hill  in  Otero  County;  altitude,  4,930  feet. 

Big  Sandy;  creek,  large  left-hand  brancb  of  Arkansas  River. 

Big  Sandy;  village  in  Ell>ert  County. 

Big  Springs;  gulcrh  in  La  Plata  County,  tributary  to  Hermosa 

Creek Durango. 

Big  Springs;  town  in  El  Paso  County;  altitude,  6,060  feet...  Big  Springs. 
Bijou;  creek  in  Elbert,  Arapahoe,  and  Morgan  counties,  a  rights fCastle  Rock. 

hand  branch  of  South  Platte  River.  iDenver. 

Bijou  Basin;  post  village  in  El  Paso  County. 
Bilk;  creek  in  San  Miguel  County,  a  right-hand  branch  of  San 

Miguel  River Telluride. 

Bilk;  village  in  Rio  Grande  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  8,011  feet. 

Bilk  Basin;  valley  in  San  Miguel  County Telluride. 

Billy;  creek  in  Ouray  County,  a  right-hand  branch  of  Uncom- 

pahgre  River. 
Bingham;  station  in  Las  Animas  County  on  Colorado  and 

Wyoming  Railway;  altitude,  7,368  feet. 
Birdseye;  gulch  in  Lake  County,  a  left-hand  branch  of  East 

Fork,  Arkansas  River Leadville. 

Birds  Eye;  station  in   Lake  County  on  the  Colorado  and 

Southern  and  the  Denver  and  Rio  Grande  railroads;  alti- 
tude, 10,647  feet. 
Bishop;  lakes  in  La  Plata  County Engineer  Mountain. 

Bishop  Bock;  summit  in  Clear  Creek  County {^^'^®5    ^*"°^®    ^^ 

Bismark;  village  in  Saguache  County;  altitude,  7,736  feet. 

Bison;  peak  in  Park  County;  altitude,  12,426  feet. 

Bison;  station  in  Teller  County  on  Colorado  Midland  Railway; 
altitude,  8,108  feet. 

Bitter;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 
White  River. 

Black;  butte  in  Baca  County;  altitude,  4,074  feet Vilas. 

Black;  buttes  in  eastern  part  of  I.as  Animas  County Mesa  de  Maya. 

Black;  canyon  in  Delta  County,  tributary  to  North  Fork  Gun- 
nison River. 

Black;  canyon  in  Larimer  County,  tributary  to  Little  Thomp- 
son Creek. 

Black;  gulch  in  Gilpin  County,  tributary  to  South  Boulder 

Creek Blackhawk. 

Black;  hill  in  Park  County Leadville. 

Black;  hills  in  Las  Animas  County Timpas. 

Black;  lake  in  Ouray  County Ouray. 

Black;  lake  in  Summit  County. 

Black;  mountain  in  Huerfano  County;  altitude,  7,412  feet. 

Black;  mountain  in  Park  County;  altitude,  11,656  feet. 

Black;  ridge  in  Pueblo  County K^v^Vv^^v^^. 
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']  Black  Canyon  of  the  Gunnison;  extends  along  Gunnison 

]  River  from  the  mouth  of  Lake  Fork  to  the  mouth  of  North 

■j  Fork,  with  a  maximum  depth  of  3,000  feet.    The  upper 

I  I)art  is  cut  in  sandstone,  l)e(lded  horizontally  or  nearly  so; 

the  lower  part,  cut  in  granite,  is  extremely  steep  and  rugged. 

Black  Face;  summit  in  San  Miguel  County Telluride. 

Blaekhawk;  peak  in  Dolores  County;  altitude,  12,677  feet Engineer  Mountain. 

Bladkhawk;  town  in  Gilpin  County  on  Cojorado  and  Southern 

Railway;  population  in  1900, 1,200;  altitude,  8,045  feet Blaekhawk. 

Blaekhawk;  village  in  Dolores  County. 

Blackhead;  peak  in  San  Juan  Mountains,  Archuleta  County; 
altitude,  12,514  feet. 

Black  Mountain;  post  village  in  Park  County. 
j  Black  Squirrel;  creek  in  Pueblo  and  El  Paso  counties,  a  left-  f  Big  Springs. 

i  hand  branch  of  Chico  Creek,  tributary  to  Arkansas  River.  \  Nepesta. 

I  *  Black  Sulphur ;  creek  in  Rio  Blanco  County,  a  left-hand  branch 

of  Piceance  Creek,  tributary  to  White  River. 
'  Black  Tigrer;  gulch  in  Boulder  County,  a  left-hand  branch  of 

;  Boulder  Creek,  tributary  to  St  Vrain  Creek B:>ulder. 

I  Black  Wolf;  creek  in  Adams  County,  a  left-hand  branch  of 

I  South  Fork  Republican  River. 

J  Blaine;  post  village  in  Baca  County. 

j  Blair;  gulch  in  Rio  Blanco  County,  tributary  to  Ryan  Creek. 

i  Blair;  gulch  in  San  Juan  County,  tributary  to  Animas  River. .  Silverton. 

j  Blanca;  peak  in  Sangre  de  Cristo  Mountains,  on  boundary  be- 

I  tween  Saguache,  Huerfano,  and  Costilla  counties;  altitude, 

]  14,390feet Huerfano  Park. 

■!  Blanca;  village  in  Costilla  County  on  Denver  and  Rio  Grande 

•  Railroad;  altitude,  8,403  feet. 

'  Bland;  post  village  in  Elbert  County. 

Blodgett;  peak  in  El  Paso  County;  altitude,  9,406  feet Colorado  Springs. 

'  Bloom;   station  in  Otero  County  on   Atchison,  Topeka  and 

;  Santa  Fe  Railway;  altitude,  4,781  feet. 

j  Bloomerville;   station  in  Boulder  County  on  Colorado  and 

i  Northwestern  Railroad. 

I  Blue;  creek  in  Gunnison  County,  a  left-hand  branch  of  Gunni- 

1  son  River I-»ake  City. 

Blue;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of  Pice- 
ance Creek,  tributary  to  White  River. 

Blue;  hill  in  Las  Animas  County;  altitude,  5,761  feet Apishapa. 

Blue;  mountain  in  Park  County Pikes  Peak. 

■  Blue;  river  in  Middle  Park,  a  left-hand  branch  of  ( irand  River 

j  heading  in  Hoosier  Pass  and  flowing  northwest [>*adville. 

Blue  Biver;  peak  in  Summit  County. 

Blue  River  Valley;  butte  in  Summit  County;  altitude,  9,400 
feet 

Bl\iff;  summit  in  La  Plata  County;  altitude,  8,169  feet Durango 

Blumer;  station  on  Colorado  and  Northwestern  Railroad;  alti- 
tude, 8,914  feet. 

Boaz;  station  in  Huerfano  County  on  Denver  and   Rio  (irande 
Railroad;  altitude,  6,270  feet. 

Bob;  creek  in  Otero  County,  a  left-hand  branch  of  Arkansas 

Biver Catlin. 
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Bobtail;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Central  City  Speoal. 

Bobtail;  hill  in  Gilpin  County Central  City  Special. 

Bocea,  statioii  in  La  Plata  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  6,697  feet 

Boettcher;  station  in  Boulder  County  on  Colorado  and  South- 
em  Railway ^ Niwot. 

Bogrga;  creek  in  Pueblo  County,  a  right-hand  brancli  of  Arkan- 
sas River Pueblo. 

Bogrgrs  Flat;  bottom  lands  in  Pueblo  County Pueblo. 

Boiling;  gulch  in  Gilpin  County,  tributary  to  South  Boulder 

Creek Blackhawk. . 

Bolton;  town  in  Arapahoe  County. 

Bonanza;  post  village  in  Saguache  County;  population  in  1900, 
141. 

Bonita;  peak  in  San  Juan  County Silverton. 

Bonita;  station  in  Gunnison  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  8,029  feet. 

Bonita;  village  in  Saguache  County. 

Book  Cliff;  station  in  Mesa  County  on  Book  Cliff  Railroad. 

Book  Cliff  Bailroad;  small  branch  of  Denver  and  Rio  (irande 
Railroad,  in  Grand  River  Valley. 

Book  Cliffs;  in  Garfield  and  Rio  Blanc*o  counties,  the  south 
escarpment  of  Book  Cliff  Plateau  by  w^hich  one  descends 
from  its  summit  to  0  rand  River  Valley.  The  cliffs  are  very 
precipitous,  especially  in  the  upper  third;  altitude  8,000  to 
8,500  feet. 

Boomerang;  gulch  in  Clear  Creek  County,  tributary  to  Clear  f  Idaho  Springs  Si>e- 
Creek.  '^     cial. 

Boone;  post  village  in  Pueblo  County ,  on  the  Atchison,  Topeka 
and  Santa  Fe  and  the  Missouri  Pacific  railways;  altitude, 
4,477  feet Nepesta. 

Bordenville;  village  in  Park  County. 

Boreas;  post  village  in  Summit  County  on  Colorado  and  South- 
ern Railway;  altitude,  11,480  feet. 

Boren;  creek  in  La  Plata  County,  a  right-hand  branch  of  La 

Plata  River La  Plata. 

Borst;  town  in  El  Paso  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  6,582  feet. 

Bosler;  station  in  Jefferson  County  on  Colorado  and  Southern 
Railway. 

Boston;  village  in  Baca  County;  altitude,  4,118  feet Vilas. 

Boulder;  creek  in  Boulder  County,  a  right-hand  branch  of  St. jNiwot. 
Vrains  Creek,  tributary  to  South  Platte  River.  I  Boulder 

Boulder;  creek  in  Gunnison  County,  a  right-hand  branch  of 
Gunnison  River. 

Boulder;  county  in  the  north-central  part  of  the  State;  bounded 

on  the  north  by  I^rimer  County,  on  the  east  by  Adams  and  ' 

Weld  counties,  on  the  south  by  Jefferson  and  Gilpin  counties, 

and  on  the  west  by  Grand  County.     It  extends  from  the  f 

plains  to  the  summit  of  the  Front  Range,  and  has  many  ■'■ 

peaks  in  the  western  portion,  the  highest  of  which  is  Longs 

Peak,  14,271  feet     Its  area  is  751  square  miles,  ol  -wYvWYv 
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Boulder — Continued. 

91,708  acres,  or  19  per  cent,  were  under  cultivation  in  1900. 
This  county  has  the  highest  percentage  of  cultivated  land 
intheState.  Thepopulationin  1900 was 21,544;  of  Boulder, 
the  county  seat,  6,150;  and  of  Lyons,  the  town  next  in  size, 
547.  In  1900  the  average  magnetic  declination  was  13°  30' 
east.  The  mean  annual  rainfall  is  about  17  inches,  and  the 
\  mean  annual  temperature  45*^  to  50°. 

j  Boulder;  county  seat  of  Boulder  County,  on  the  Colorado  and 
Southern,  the  Union  Pacific,  and  the  Colorado  and  North- 
western railroads;  population  in  1900,  6,150;  altitude,  5,350 
feet Boulder. 

Boulder;  gulch  in  Hinsdale  County,  tributary  to  Cottonwood 

Creek San  Cristobal. 

Boulder;  gulch  in  San  Juan  County,  a  right-hand  branch  of 

Animas  River .' Silverton. 

Boulder;  lake  in  Boulder  County Niwot. 

Boulder;  pass  between  Boulder  and  Grand  counties;  altitude, 
11,670  feet. 

Boulder  Junction;  station  in  Boulder  County  on  the  Colo- 
rado and  Southern  and  the  Union  Pacific  railroads;,  altitude, 
5,283  feet. 

Boulder;  peak  in  San  Juan  Mountains;  altitude,  12,417  feet. 

Bovins;  post  village  in  Lincoln  County  on  Chicago,  Rock 
Island  and  Pacific  Railroad;  altitude,  5,372  feet. 

Bovino;  station  in  Mesa  County  on  Rio  Grand  Western  Rail- 
way; altitude,  4,548  feet. 

Bowen;  village  in  Las  Animas  County  on  Colorado  and  South- 
ern Railway.     Post-office,  Aylmer. 

Bowen;  village  in  Rio  Grande  County. 

Bowerman;  post  village  in  Gunnison  County. 

Bowman;  village  in  Gunnison  County. 

Bozelder;  creek  in  Adams  County,  a  right-hand  branch  of 

South  Platte  River Denver. 

Bozelder;  creek  in  Larimer  County,  a  left-hand  brancrh  of 
Cache  la  Poudre  River. 

Bozelder;  post  village  in  Larimer  County. 

Boz  Prairie;  creek  in  Larimer  County,  a  left-hand  branch  of 
Buckhom  Creek,  tributary  to  Big  Thompson  Creek. 

Boyds  Spur;  town  in  Weld  County. 

Boyer;  station  in  Park  County  on  Colorado  Midland  Railway; 
altitude,  8,901  feet. 

Boyero;  post  village  in  Lincoln  County  on  Union  Pacific  Rail- 
road; altitude,  4,739  feet. 

Bracewell;  station  in  Weld  County  on  (>)lorado  and  Southern 

Railway;  altitude,  4,752  feet Greeley. 

Bradbury;  town  in  Otero  County  on  Missouri  Pacific  Railway. 

Braddocks;  station  in  Summit  County  on  Colorado  and  South- 
ern Railway;  altitude,  9,183  feet. 

Bradford;  lake  in  Huerfano  County Walsenbnrg. 

Bradford;  village  in  Huerfano  County HuerfaiK)  Park. 

Bragdon;  ridge  in  La  Plata  County La  Plata. 
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Bragdon;  station  in  Pueblo  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway;  altitude,  4,885  feet,     Post-office,  Fxlen. 

Brainard;  station  in  Boulder  County  on  Colorado  and  North- 
western Railroad. 

Brandon;  station  in  Kiowa  County  on  Misuouri  Pacific  Rail- 
way; altitude,  3,918  feet Granada. 

Brayton;  station  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,7^2  feet. 

Brazil;  post  village  in  IjBS  Animas  County Klmoro. 

Breckenridge;  county  sc»at  of  Summit  County  on  Colorado 
and  Southern  Railway;  population  in  1900,  976;  altitude, 
9,534  feet I^adville. 

Breckenridge;  creek  in  Otero  County,  a  left-hand  branch  of 

Horse  Creek,  tributary  to  Arkansas  River Catlin. 

Breckenridge;  pass  between  Summit  and  Park  counties;  alti- 
tude, 11,503  feet. 

Breece  Junction;  station  in  l^ke  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  11,183  feet. 

Breed;  station  in  El  Paso  County  on  Atcrhison,  Topeka  and 
Santa  Fe  Railway;  altitude,  6,373  feet. 

Breen;  post  village  in  La  Plata  County. 

Breenes;  town  in  Summit  County. 

Brendel;  gulch  in  San  Juan  County,  tributary  to  Animas  River.  Silverton. 

Brennan;  lake  in  Chaffee  County;  altitude,  10,325  feet Anthracite. 

Brennan  Spur;  station  on  Denver  and  Rio  Grande  Railroad; 
altitude,  7,517  feet. 

Brewster;  town  in  Fremont  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway;  altitude,  5,198  feet. 

Bridalveil;  creek  in  Ouray  County,  a  right-hand  branch  of 

Uncompahgre  River Ouray. 

Bridal  Veil;  creek  in  San  Miguel  County,  a  left-hand  branch 

of  San  Miguel  River Telluride. 

Bridal  Veil;  falls  in  San  Miguel  County Telluride. 

Bridal  Veil  Basin;  valley  in  San  Miguel  County Telluride. 

Brid^port;  station  in  Delta  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  4,745  feet. 

Briggs;''town  in  Pitkin  County  on  Colorado  Midland  Railway. 

Brighton;  post  town  and  county  seat  of  Adams  County  on 
Union  Pacific  Railroad;  population  in  1900,  366;  altitude, 
4, 985  feet Den ver. 

Brightside;  village  in  Jefferson  (bounty. 

Brilby;  butte  in  Jefferson  County;  altitude,  9,323  feet Platte  Canyon. 

Brind;  mountain  in  Teller  Omntv,  altitude,  10,450  feet fCnpple  Creek   Si)e- 

\     cial. 
Bristol;  mountain  in   San   Juan  Mountains,  Mineral  County; 

altitude,  12,847  feet. 
Bristol;  plateau  in  Mineral  County. 
Bristol;  village  in  Larimer  County;  altitude,  5,477  feet. 
Brodhead;  post  village  in  Las  Animas  County,  on  Colorado  and 

Southern  Railway.     Railroad  name,  Broadhead. 
Brolen;  village  in  Jefferson  County. 
Bronco;  gulch  in  Costilla  County,  tributary  to  Placer  Crwk.,  Huerfano  Park. 
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Brookfield;  village  in  Baca  County Two  Butte. 

Brooklyn;  gulch  in  Ouray  County,  tributary  to  Red  Mountain 

Creek Silverton. 

Brookside;  post  village  in  Fremont  County  on  Atchison,  To- 
peka  and  Santa  Fe  Railway;  altitu<le,  5,240  feet. 

Brookside;  town  in  Park  County  on  C^olorado  and  Southern 
Railway;  altitude,  7,916  ieet. 

Brookvale;  post  village  in  Clear  Creek  County. 

Broomfield;  post  village  in  Boulder  County. 

Bro88,  Mount;  in  Middle  Park,  Grand  County;  altitude,  9,468 
feet. 

Bro88,  Mount;  in  Park  Range;  altitude,  14,100  feet. 

Brotherton;  gulch  in  Rio  Blanco  County,  tributary  to  White 
River. 

Brown;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Timpas. 

Brown;  gulch  in  Clear  Creek  County,  tributary  to  Clear  Creek.  Georgetown. 

Brown;  mountain  in  Clear  Creek    County;  altitude,    10,451 

feet Georgetown. 

Brown;  station  in  San  Miguel  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,739  feet. 

Browns;  gulch  in  San  Juan  County,   tributary   to   Mineral 

Creek Silverton. 

Browns  Canyon;  post  village  in  Chaffee  County  on  Denver 
and  Rio  Grande  Railroad;  altitude,  7,312  feet. 

Brush;*  creek  in  Chaffee  County,  a  right-hand  branch  of  Texas 
Creek,  tributary  to  Arkansas  River. 

Brush;  creek  in  Eagle  County,  a  left-hand  branch  of  Eagle 
River,  originating  in  East  an<i  West  Brush  creeks. 

Brush;  creek  in  Pitkin  County,  a  left-hand  branch  of  Roaring 

Fork,  tributary  to  Grand  River Aspen. 

Brush;  post  town  in  Morgan  County,  on  Burlington  and  Mis- 
souri River  Railroad;  population  in  1900,  381;  altitude, 
4,247  feet. 

Brush  Hollow;  creek  in  Fremont  County,  a  left-hand  branch 

of  Arkansas  River Canyon  CHty. 

Bryant;  post  village  in  Phillips  County. 

Bryant;  station  in  Garfield  County  on  Colorado  Midland  Rail- 
way; altitude,  6,077  feet.     Post-office,  Satank. 

Buchanan;  village  in  Weld  County  on  Burlington  and  Mis- 
souri River  Railroad. 

Buck;  creek  in  Garfield  County,  a  right-hand  branch  of  South 
Fork  White  River. 

Buck;  gulch  in  Boulder  County,  tributary  to  North  St.  Vraiu 

Creek Boulder. 

Buck;  hollow  through  which   flows  a  tributary  to  Animas 

River Durango. 

Buckeye;  gulch  in  Lake  County,  tributary  to  East  Fork  Arkan- 
sas River Lead ville. 

Buckeye;  peak  in  l^ke  County;  altitude,  12,873  feet I^adville. 

Buckhom;  creek  in  I^rimer  County,  a  right-hand  branch  of 
Thompson  Creek,  tributary  to  South  Platte  River. 
JBuckhom;  mountain  in  Larimer  County. 
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Buckingham;  station  in  Weld  County  on  Burlin^on  and  Mis- 
souri River  Railroad;  altitude,  4,945  feet. 

Buckleys;  town  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad. 

Buck,  Mount;  in  Routt  County;  altitude,  10,877  feet. 

Buckskin;  creek  in  Park  County,  a  rif^ht-hand  branch  of  South 

PiatteRiver Lea<lville. 

Buckskin;  mountain  on  boundary  between  Lake  and  Park 
ooanties;  altitude,  14,296  feet. 

Bucktail;  creek  in  Montrose  County,  a  right-hand  branch  of 
San  Miguel  River. 

Buena  Vista;  county  seat  of  Chaffee  County,  on  the  Denver 
and  Rio  Grande,  the  Colorado  and  Southern,  and  the 
Colorado  Midland  railways;  population  in  1900,  1,006,^  alti- 
tude, 7,958  feet. 

Buena  Vista;  peak  in  Routt  County. 

Bueno,  Mount;  in  Boulder  County;  altitude,  8,700  feet Boulder. 

Buffalo;  arroyo  in  the  southern  part  of  Pueblo  County Apishapa. 

BufGEdo;  creek  in  Baca  County,  a  left-hand  branch  of  Horse  f Vilas. 
Creek.  lAlbany. 

Buffetlo;  creek  in  Jefferson  County,  a  right-hand  branch  of 

North  Fork  South  Platte  River Platte  Canyon. 

Buffalo;  creek  in  Larimer  County,  a  right-hand  branch  of 
North  Platte  River. 

BufflsJo;  creek  in  Park  County,  a  right-hand  branch  of  South 

Platte  River Leadville. 

Buffalo;  creek  in  Prowers  County,  a  left-hand  branch  of  Arkan- 
sas River (rranada. 

BufOedo;  pass  between  Larimer  and  Routt  counties. 

BuffEdo;  peak  in  Park  Range,  Lake  County;  altitude,  13,328 
•  feet. 

BufRsdo;  peak  in  Front  Range,  l^rimerCoimty;  altitude,  13,541 
feet 

BuffEtlo;  springs  in  Clear  Creek  County Blackhawk. 

Buffalo;  station  in  Jefferson  County  on  Colorado  and  Southern 

Railway;  altitude,  6,630  feet.     Post-office,  Buffalo  Creek..  Platte  Canyon. 

BuffSedo  Basin;  sink  in  Lincoln  County Arroyo. 

Buffalo  Point;  end  of  plateau  in  Baca  County Vilas. 

BuflUo  Spring;  post  village  in  Park  County;  altitude,  8,901 
feet 

Buffers  Spur;  station  in  Summit  County  r>n  Colorado  and 
Southern  Railway. 

Buford;  post  \nllage  in  Rio  Blanco  County. 

Bull;  creek  in  Larimer  County,  a  left-hand  branch  of  Cache  la 
Poudre  River. 

Bull;  creek  in  Mesa  County,  a  left-hand  branch  of  Plateau 
River. 

Bull  OUff;  in  Teller  Countv;  altitude,  10,786  feet rCripple  Creek  Spe- 

\    cial. 

Bull  Hill;  station  in  Teller  County  on  Midland  Terminal  Rail- 
way. 
Bullion;  mountain  in  La  Plata  County Needle  Mountains, 

Bull.  291—06 3 
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Bull  Snake;  hill  in  Lincoln  CJounty ;  altitude,  4,972  feet Arroyo. 

Buxnback;  springs  in  Fremont  County Pikes  Peak. 

Bmnxners;  gulch  in  Boulder  County,  tributary  to  Boulder 

Creek Boulder. 

Bunce;  village  in  Boulder  County. 

Bunker  Hill;  station  in  Huerfano  County  on  Colorado  and 

Southern  Railway. 
Burchs  Lake;  station  in  Boulder  County  on  Burlington  and 

Missouri  River  Railroad Niwot. 

Burdett;  post  village  in  Washington  County. 

Burial  Blocks;  cliff  in  El  Paso  County Colorado  Springs. 

Burlingfton;  post  town  and  (county  seat  of  Kit  Carson  County 

on  Chicago,  Rock  Island  and  Pacific  Railway;  population 

in  1900,  183;  altitude,  4,163  feet. 
Burlingfton  and  Missouri  River  Railroad;  large  and  im- 
portant  system,   one  line  of  which  runs  from  western 

Nebraska  to  Denver. 
Burnett;  creek  in  Dolores  County,  a  right-hand  branch  of 

East  Dolores  River Rico. 

Bumham;  station  in  Denver  County  on  Denver   and    Rio 

Grande  Railroad;  altitude,  5,227  feet. 
Bumina;  mountain  in  Garfield  County. 
Bumito;  town  in  Fremont  County  on  Denver  and  Rio  (Irande 

Railroad;  altitude,  5,359  feet. 
Bums;  gulch  in  San  Juan  County,  tributary  to  Animas  River.  Silverton. 
Bums;  post  village  in  Eagle  County. 
Bums;  station  in  El  Paso  County  on  Colorado  Springs  an«l 

Cripple  Creek  District  Railway. 

Bums;  village  in  Dolores  County;  altitude,  9,018  feet Rico. 

Bums  Junction;  station  in  Boulder  County,  on  the  Burling- 
ton and  Missouri  River  and  the  Colorado  and  Southern 

railways;  altitude,  5,419  feet. 

Burnt;  mountain  in  Boulder  County;  altitude,  9,348  feet Boulder. 

Burnt  Timber;  creek  in  La  Plata  County,  a  left-hand  branirh 

of  La  Plata  River 1^  Plata. 

Burro;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Spanish  Peiiks. 

Burro;  creek  in  Ouray  County,  a  right-hand  branch  of  Cow 

Creek,  tributary  to  Uncompahgre  River Ouray. 

Burrows;  station  in  Park  County  on  Atchison,   Topeka  and 

Santa  Fe  Railway;  altitude,  10,878  feet. 
Burwell;  peak  in  La  Plata  Mountains,  on  lx)undary  between 

La  Plata  and  Montezuma  counties La  Plata. 

Busk;  station  in  Lake  County  on  Colorado  Midland  Railway; 

altitude,  10,788  feet Ia^^kI ville 

Butcher;  creek  in  San  Miguel  County,  a  right-hand  branch  of 

San  Miguel  River Telluride. 

Butler;  post  village  in  Larimer  County. 

Butte;  creek  in  Prowers  County,  a  right-hand  branch  of  Ar- 
kansas River Albany. 

Butte;  creek  in  Las  Animas  and  Baca  counties,  a  left-hand  fHigbee. 

branch  of  Two  Butte  Creek,  tributary  to  Arkansas  River.    iTwo  Butte. 
Butte;  BpiingB  in  Prowers  County Albany. 
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Butter;  creek,  a  left-hainl  branch  of  Sawatch  Creek,  tributary 

to  San  Luis  Creek. 
Butterfly;  station  in  San  Miguel  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  9,084  feet. 
Buttermilk;  gulch  in  Clear  Creek  County,  tributary  to  Clearrldaho  Springs  Spe- 

Creek  I    cial. 

Butterworth  Flat;  valley  in  El  Pa«o  County. 
Buttes;  post  village  in  El  Paso  County  on  Atchison,  Topeka 

and  Santa  Fe  Railway;  altitude,  5,318  feet. 

Butzel;  hill  in  Boulder  County;  altitude,  8,270  feet Boulder. 

Buxton;   station   in  Saguache  County  on   Denver   and    Rio 

Grande  Railroad;  altitude,  8,784  feet. 
Buzzard;  irreek  in  Mesa  County,  a  right-hand  branch  of  Pla- 
teau River. 
Byers;  post  village  in   Arapahoe  County    on  Union  Pacific 

Railroad;  altitude,  5,202  feet. 
Byers,  Mount;  in  Park  Range,  Grand  County;  altitude,  12,778 

feet. 
B3rron;  station  in  Prowers  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  3,447  feet.  Post-oflSce,  Barton. 
Oabeza;  station  in  Mesa  County  on  Colorado  Midland  Railway. 
Cache;    creek   in   Chaffee    County,   a  right-hand    branch  of 

Arkansas  River Leadville. 

Cache  la  Poudre;  river  in  Weld  County,  a  left-hand  branch  of 

the  South  Platte,  heading  in  Front  Range  in  two  forks  and 

flowing  nearly  southeast  to  its  junction  with  the  South 

Platte  near  Greeley Greeley. 

Cactus:  valley  in  Garfield  County,  on  Grand  River;  altitude, 

5,000  feet. 
Caddoa;  creek  in  Routt  County,  a  right-hand  branch  of  Arkan- 
sas River Lamar. 

Caddoa;  post  village  in  Bent  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  3,765  feet Lamar. 

Calcite;  post  village  in  Fremont  County. 

e  Creek   Spe- 


Calf;  mountain  in  Teller  County \    cial 

Calhan;   poet  village  in  El  Paso  County   on    Chicago,   Rock 

Island  and  Pacific  Railway;  altitude,  6,508. 

Calico;  peak  in  Dolores  County;  altitude,  12,056  feet Rico. 

California;  gulch  in  Lake  County,  tributary  to  Arkansas  River.  Leadville. 
California;  gulch  in  Sj^p  Juan  County,  tributary  to  West  Fork 

Cinnamon  Creek Silverton. 

California;  mountain  in  San  Juan  County Silverton. 

Calkins;  lake  in  Weld  County Niwot 

Calumet;  station  in  Chaffee  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  8,993  feet. 
Camden;  station  in  Morgan  County  on  Burlington  and  Missouri 

River  Railroad. 
Camel;  peak  in  Routt  County;  altitude,  9,158  feet. 
Cameo;  station  in  Mesa  County,  on  the  Colorado  Midland  and 

the  Denver  and  Rio  Grande  railroads. 
Cameron;  mountain  in  Chaffee  County. 
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Cameron;  post  village  in  Teller  County,  on    the  Colorado 

Springs  and  Cripple  Creek  District  and  the  Midland  Tenni- 

nal  railways;  altitude,  10,058  feet. 
Cameron;  station  in  Elbert  County  on  Colorado  and  Southern 

Railway;  altitude,  6,864  feet. 
Cameron  Cone;  summit  in  Pikes  Peak  group.  El  Paso  County; 

altitude,  10,685  feet Colorado  Springs. 

Cameville;  village  in  Montrose  County. 

Camp;  creek  in  Routt  County,  a  right-hand  branch  of  Bear 

Creek. 
Camp;  creek  in  La  Plata  County,  a  left-hand  branch  of  Canyon 

Creek,  tributary  to  Animas  River Needle  Mountains. 

Campbell;  creek  in  (iunnison  County,  a  left-hand  branch  of 

Lake  Fork  Gimnison  River I^ke  City. 

Campbell;  creek  in  Hinsdale  County,  a  left-hand  branc^h  of 

Cottonwood  Creek San  Cristobal. 

Campbell;  creek  in  Montrose  County,  a  right-hand  branch  of 

San  Miguel  River. 

Campbell;  peak  in  San  Miguel  County Telluride. 

Campbird;  post  village  in  Ouray  County Silverton. 

Campion;  station  in  Larimer  County  on  Colorado  and  South- 
em  Railway. 
Camp  Rock;  summit  in  Clear  Creek  County;  altitude,  8,850 

feet Georgetown. 

Canadian;  river  in  Larimer  County,  a  right-hand  branch  of 

North  Platte  River. 
Canadian;  village  in  Larimer  County. 
Canby,  Mount;  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13,466  feet Silverton. 

Canfield;  post  village  in  Boulder  County  on   Union    Pacific 

Railroad;  altitude,  5,052  feet Niwot. 

Cannibal;  plateau  in  Gunnison  County. 

Cannon,  Mount;  in  Boulder  County;  altitude,  8,5(X)  feet Boulder. 

Canon;  butte  in  Rio  Blanco  County. 

Canon;  creek  in  Garfield  County,  a  left-hand  branch  of  Grand 

River. 
Canon  Park;  valley  in  Routt  County. 
Canton;  station  in  Weld  County  on  Union  Pacific  Railroad. 
Canyon;  county  seat  of  Fremont  County,  on  the  Denver  and 

Rio  Grande,  the  Atchison,  Topeka  and  Santa  Fe,  and  the 

Florence  and  Cripple  Creek  railroads;  population  in  lliOO, 

3,775;  altitude,  5,332  feet Canyon  City. 

Canyon;  creek  in  La  Plata  County,  a  left-hand  branch  of  Ani- (Needle  Mountains. 

mas  River.  I  Engineer  Mountain. 

Canyon;  creek  in  Ouray  County,  a  left-hand  branch  of  I -n-j Silverton. 

compahgre  River.  lOuray. 

Canyon  Bonitd;  in  Las  Animas  County,  tributary  to  Apishapa 

River Spanish  Peaks. 

Canyon  de  Agua;  creek  in  Las  Animas  County,  a  right-hand 

branch  of  Apishapa  River Klmoro. 

Capelin;  village  in  Conejos  County. 

Capitol;  creek  in  Pitkin  County,  a  left-hand  branch  of  Roaring 

Creek,  tributary  to  Grand  River. 
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Capitol;  peak  in  Elk  Mountains,  Pitkin  Coanty;   altitude, 

13,997  feet. 

Capitol  City;  post  village  in  Hinsdale  County Lake  City. 

Capps;  small  village  in  Huerfano  County Spanish  Peaks. 

Cap  Sock;  summit  in  Fremont  County;  altitude,  9,283  feet...  Pikes  Peak. 

Captain;  mountain  in  Clear  Creek  County Georgetown. 

Capulin;  post  village  in  Conejos  County. 

Carbon;  creek  in  Gunnison  County,  a  left-hand  branch  of  Ohio  f  Anthracite. 

Creek,  tributary  to  Gunnison  River.  ICrested  Butte. 

Carbon;  Peak  in  Elk  Mountains,  Gunnison  County;  altitude, 

12,000  feet. 
Carbon;  station  in  La  Plata  County  on  Denver  and  Rio  (irande 

Railroad;  altitude,  6,412  feet. 

Carbonate;  hill  in  Gunnison  County Crested  Butte. 

Carbonate;  hill  in  Lake  County Leadville. 

►le  Creek  Spe- 


Carbonate;  hill  in  Teller  County \    cial 

Carbonate;  lake  in  Garfield  County. 

Carbonate;  village  in  Garfield  County. 

Carbondale;  post  town  in  Garfield  County,  on  the  Denver  and 

Rio  Grande,  the  Crystal  River,  and  the  Colorado  Midland 

railroads;  population  in  1900,  173;  altitude,  6,171  feet. 
Carbon,  Mount;  in  Elk  Mountains,  Gunnison  County;  alti- 
tude, 12,000  feet Anthracite. 

Cardiff;  post  village  in  Garfield  County  on  Colorado  Midland 

Railway;  altitude,  5,921  feet. 
Caribou;  poet  village  in  Boulder  County;  altitude,  9,905  feet. 
Cardinal;  village  in  Boulder  County. 

Carlile;  spring  in  Pueblo  County Pueblo. 

Carlile;  station  in  Pueblo  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  4,940  feet. 

Carlin;  gulch  in  Fremont  County,  tributary  to  Oil  Creek Pikes  Peak. 

Carlisle;  station  in  Kit  Carson  County,  on  Chicago,  Rock 

Island  and  Pacific  Railway. 
Carlton;  post  village  in  Prowers  County  on  Atchison,  Topeka 

and  Santa  Fe  Railway ;  altitude,  3,527  feet.     Railroad  name, 

Grote Granada. 

Carlton;  station  in  El  Paso  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  6,245  feet. 
Camero;  creek  in  Saguache  County,  flowing  into  a  sink. 
Camero;  post  village  in  Saguache  County. 

Carpenter;  spring  in  Pueblo  County Nepesta. 

Carpenter;  station  in  Mesa  County,  on  Denver  and  Rio  Grande 

Railroad. 
Carr;  post  village  in  Weld  County  on  Union  Pacific  Railroad; 

altitude,  5,691  feet. 
Carr;  station  in  Costilla  County  on  Denver  and  Rio  Grande 

Railroad. 
Carr;  station  in  Morgan  County  on  Burlington  and  Missouri 

River  Railroad. 
Carr;  station  on   Colorado  and   Southern   Railway;  altitude, 

5,706  feet. 
Carracas;  station  in  Archuleta  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,161  feet. 


38  GAZETTEER  OF  COLORADO. 

Atlas  sheet. 

Carrizo;  creek  in  Baca  County,  a  left-hand  branch  of  Cimarron 

River Springfield. 

Carroll;  creek  in  Fremont  County,  a  left-hand  branrli  of  Ar- 
kansas River. 

Oarson;  creek  in  La  Plata  County,  tributary  to  Anima«  River. .  Durango. 

Oarson;  village  in  Hins<lale  County;  altitude,  12,360  feet San  Cristobal. 

Carter;  station  in  Pueblo  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway;  altitude,  4,797  feet. 

Carter;  valley  in  Montrose  County. 

Cascade;  creek  in  Clear  Creek  County,  a  left-hand  branch  of 

West  Chicago  Creek,  tributary  to  Clear  Creek Georgetown. 

Cascade;  creek  in  Gunnison  County,  a  left-hand  branch  of 

East  River,  tributary  to  Gunnison  River Crested  Butte. 

Cascade;  creek  in  San  Juan  County,  a  right-hand  branch  of 

Animas  River Engineer  Mountain. 

Cascade;    gulch   in  San   Juan  County,  tributary   to  Cement 

Creek Silverton. 

Cascade;  mountain  in  Elk  Mountains,  (Umnison  County;  alti- 
tude, 11,707  feet Anthracite. 

Cascade;  mountain  in  Ouray  County Ouray. 

Cascade;  post  village  in  El  Paso  County  on  Colorado  Midland 

Railway.     Railroad  name,  Cascade  Canyon Coloraxlo  Springs. 

Cascade;  station  in  Chaffee  County  on  Colorado  and  Southern 
Railway;  altitude,  9,017  feet. 

Cascade;  station  in  La  Plata  County   on  Denver  and   Rio 

Grande  Railroad ;  altitude,  7,773  feet Engineer  Mountain. 

Cascade  Canyon;  station  in  El  Paso  County  on  Colorado  Mid- 
land Railway;  altitude,  7,406  feet.    Post-office,  Cascade. 

Case;  post  village  in  Douglas  County. 

Cashin;  village  in  Montrose  County. 

Cassells;  post  village  in  Park  County  «»n  C-olorado  and  South- 
em  Railway. 

Castilar;  post  village  in  La  Plata  County. 

Castilleia;  lake  in  La  Plata  County Nee<ile  Mountains. 

Castle;   creek  in  Gunnison  County,  a  right-hand   branch  of 

Ohio  Creek,  tributary  to  Gunnison  River Anthracite. 

Castle;  creek  in  La  Plata  County,  a  left-hand  branch  of  Junc- 
tion Creek,  tributary  to  Animas  River Durango. 

Castle;  creek  in  Pitkin  County,  a  left-hand  branch  of  Roaring 

Fork,  tributary  to  Grand  River Aspen. 

Castle;  gulch  in  Boulder  County,  tributary  to  Jim  Creek Boulder. 

Castle;  peak  in  Elk  Mountains,  Pitkin  County;  altitude,  14,259 

feet Aspen. 

Castle;  summit  in  Park  County;  altitude,  9,863  feet Platte  Canyon. 

Castle  Rock;  county  seat  of  Douglas  County,  on  the  Denver 
and  Rio  Grande  and  the  Atchison,  Topeka  and  Santa  Fe 
railways;  population  in  1900,  304 Castle  Rock. 

Castle  Rock;  spring  in  I^  Plata  County Engineer  Mountain. 

Castle  Rock;  summit  in  Boulder  County;  altitude,  7,777  feet.  Blackhawk. 

Castle  Rock;  summit  in  Douglas  County;  altitude,  6,590  feet.  Castle  Rock. 

Castle  Rock;  summit  in  Gilpin  County Central  City  SjXH'ial. 

Castles;  station  in  Eagle  County,  on  Colorado  Midland  Rail- 
way; altitude,  6,954  feet. 
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Castleton;  station  in  Gunnison  County  on  Colorado  Southern 

Railway;  altitude,  8,387  feet. 
Castleview;    station  in  Lake  County  on  Denver  and  Rio 

Grande  Railroad. 
Casto;  creek,  a  left-hand  branch  of  South  Platte  River. 
Cat;  creek  in  Baca  County,  right-hand  bmnch  of  Bear  Creek, 

tributary  to  Horse  Creek Sprinjcfield. 

Catamount;  creek  in  Teller  and  El  Pa^o  counties,  a  right-hand 

branch  of  Fountain  Creek,  tributary  to  Arkansas  River  ...  Pikes  Peak. 
Cataract;  creek  in  San  Juan  County,  a  left-hand  brancli  of 

South  Fork  Mineral  Creek Telluride. 

Cataract;  gulch  in  Hinsdale  County,  tributary  to  Cottonwood 

Creek San  Cristobal. 

Cataract;  gulch  in  San  Juan  County,  tributary  to  Animas 

River Silverton. 

Cathedral;  bluffs  in  Rio  Blanco  County. 

Cathedral;  creek  in  Rio  Blanco  County,  a  right-hand  branch 

of  Douglas  Creek. 
Cathedral;  mountain  in  Elk  Mountains,  Gunnison  County; 

altitude,  11,169  feet. 
Cathedral;  post  village  in  Hinsdale  County. 
Catherine;  station  in  Garfielu  County  on  Colorado  Midland 

Railway;  altitude,  6,291  feet. 
Catlin;  station  in  Otero  County  on  Atchison,  Topeka  and  Santa 

Fe  Railway;  altitude,  4,265  feet Catlin. 

Cattle;   creek  in  Eagle  and  Garfield  counties,  a  right-hand 

branch  of  Roaring  Fork  Grand  River. 
Cattle  Creek;  station  in  Ciarfield  County  on   Denver  and  Rio 

Granae  Railroad;  altitude,  6,027  feet. 
Cave;  creek  in  Boulder  County,  a  left-hand  branch  of  Middle 

St.  Vrain  Creek,  tributary  to  St.  Vrain  Creek Boulder. 

Caylor;  gulch  in  Jefferson  County,  a  left-hand  branch  of  South 

Platte  River Pikes  Peak. 

Cebolla;   creek  in  Gunnison  County,  a  left-hand  branch  of 

White   F^rth   Creek,  tributary   to   Lake   Fork   Gunnison 

River. 
Cebolla;  post  village  in  Gunnison  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,344  feet. 
Cedar;  creek  in  Logan  County,  a  left-hand  branch  of  Horsetail 

Creek,  tributary  to  South  Platte  River. 
Cedar;  creek  in   Montro.se  County,  a   right-hand  branch   of 

Uncompahgre  River. 
Cedar;  mountain  in  Routt  County;  altitude,  7,668  feet. 
Cedar;  post  village  in  San  Miguel  County. 
Cedar  Creek;  post  village  in  .Montrose  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  6,742  feet. 
Cedar  Edge;  post  village  in  Delta  County. 
Cedarhurst;  post  village  in  l^^  Animas  County. 
Cedar  Point;  station  in  Elbert  County  on  Union  Pacific  Rail- 
road; altitude,  5,711  feet. 
Cedar  Point;  peak  of  plateau  in  Ell)ert  County;  altitude,  6,003 

feet Limon. 
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Cement;  creek  in  Gunnison  County,  a  left-hand  branch  of 

East  River,  tributary  to  Gunnison  River Crested  Butte. 

Cement;  creek  in  San  Juan  County,  a  right-hand  branch  of 

Animas  River,  originating  in  North,  South,  and  Middle 

forks Silverton. 

Cement;  mountain  in  Elk  Mountains,  Gunnison  CountA^;  alti- 
tude, 12,212  feet Crested  Butte. 

Cement;  station  in  Fremont  County  on  Denver  and  Rio  Grande 

Railroad. 

Cemetery  Park;  valley  in  Fremont  County Pikes  Peak. 

Cenicero;  town  in  Conejos  County. 

Center;  post  village  in  Saguache  County. 

Centerview;  village  in  Saguache  County. 

Centerville;''post  village  in  Chaffee  County;  altitude,  7,727  feet. 

Central;  gulch  in  Boulder  County,  a  right-hand  branch  of  south 

St  Vrain  Creek Boulder. 

Central;  hill  in  Gilpin  County Central  City  Special. 

Central  City;  county  seat  of  Gilpin  County  on  Colorado  and 

Southern  Railway;  population  in  1900, 3,114;  altitude,  8,516 

feet Central  City  Special. 

Cerro  del  Navajo;  mesa  rising  from  Rio  Navajo  on  Ijoundarj' 

between  Colorado  and  New  Mexico;  altitude,  9,161  feet. 
Cerro  Summit;  station  in  Montrose  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  7,958  feet. 
Chacra;  station  in  Garfield  County  on  Denver  an<l  Rio  (Grande 

Railroad;  altitude,  5,640  feet. 
Chaffee;  county  in  the  central  part  of  the  State;  l>ounded  on 

the  North  by  Lake  County,  on  the  east  by  Park  and  Fremont 

counties,  on  the  south  by  Saguache  County,  and  on  the  west 

by  Gunnison  County.     It  extends  from  the  summit  of  Park 

Range  to  the  summit  of  Sawatch  Range  on  the  wast,  includ- 
ing the  broad  valley  of  Arkansas  River.     Its  area  is  1,224 

square  miles,  of   which  2  per  cent,  or  14.726  acres,  were 

under  cultivation  in  1900.     The  population  in  1900  was 

7,086;  of  Buena  Vista,  the  county  seat,  1,006,  and  of  Salida, 

the  largest  city,  3, 722.     In  1900  the  average  magnetic  declina- 
tion was  14°  00'' east.     The  mean  annual  rainfall  is  about 

12  inches,  and  the  mean  annual  temperature  40°  to  50°. 
Ciiair;  mountains  in  Gunnison  County. 
Chalcedony;  buttes  in  southern  part  of  South  Park;  altitude, 

10,200  feet. 
Cheilk;  creek,  a  right-hand  branch  of  Arkansas  River. 
Chalk;  mountain  on   lK)undary  l)etween   Summit  and   Kagle 

counties Leadville. 

Chama;  peak  in  San  Juan  Mountains;  altitude,  12,248  feet. 

Chama;  village  in  Costilla  County. 

Chambers;  village  in  Larimer  County ;  altitude,  9,106  feet. 

Champion;  mountain  in  Pitkin  County. 

Champion;  station  in  Huerfano  County  on  Denver  and  Rio 

Grande  Railroad. 

Champion  Basin;  valley  in  Ouray  County Silverton. 

Chance;  village  in  (lunnison  County. 
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Chandler;  creek  in  Fremont  County,  a  right-hand  branch  of 

Arkansas  River Canyon  City. 

Chandler;  post  village  in  Fremont  County  on  Denver  and  Rio 
Grande  liailroad. 

Chandler  Junction;  station  in  Fremont  County  on  Denver 
and  Rio  Grande  Railroad;  altitude,  5,202  feet. 

ClUtney;  lake  in  Gunnison  County. 

Chapin;  village  in  Kit  Carson  County. 

Chapman;  gulch  in  San  Miguel  County,  tributary  to  Howard 

Fork,  branch  of  Lake  Fork  San  Miguel  River Telluride. 

Chapman;  station  in  Boulder  County  on  Burlington  and  Mis- 
souri Riyer  Railroad;  altitude,  5,175  feet Niwot. 

Chapman,  Mount;  in  Gunnison  County. 

Chaquaqua;  canyon  in  Las  Animas  County,  drained  by  Cha- 

quaqua  Creek,  tributary  to  Purgatory  River Mesa  de  Maya. 

Chaquaqua;  creek  in  Las  Animas  County,  a  right-hand  branch  f  Mesa  de  Maya, 
of  Purgatory  River.  ITimpas. 

Charcoal;  station  in  Chaffee  County  on  Denver  and  Rio  Grande 
Railroad. 

Charles;  station  in  Mesa  County  on  Denver  and  Rio  Grande 
Railroad. 

Chase;  gulch  in  Gilpin  County,  tributary  to  North  Clear  Creek. .  Central  City  Special. 

Chase;  post  village  in  Park  County  on  Colorado  and  Southern 
Railway. 

Chatfield;  station  in  Jefferson  County  on  Colorado  and  South- 
ern Railway. 

Chatillion;  creek  in  Saguache  County,  a  left-hand  branch  of 
San  Luis  Creek. 

Chattanooga;  station  in  San  Juan  County  on  Silverton  Rail- 
road   Silverton. 

Chautauqua;  village  in  Boulder  County;  altitude,  5,718  feet..  Blackhawk. 

Cheesman;  town  in  Jefferson  County. 

Chelsea;  station  in  Logan  County  on  Burlington  and  Missouri 
River  Railroad. 

Chemung;  station  in  Cheyenne  County  on  Union  Pacific  Rail- 
road; altitude,  3,928  feet. 

Chenoweth;  village  in  Elbert  County. 

Cherokee;  gulch  in   Clear  Oeek  County,  tributary  to  Clear 

Creek Georgetown. 

Cherrelyn;  post  village  in  Ara^xahoe  County. 

Cherry;  creek  in  Denver  County;  a  right-hand  branch  of  South  rCastle  Rock. 
Platte  River,  joining  the  latter  in  the  city  of  Denver.  \East  Denver. 

Cherry;  creek  in  La  Plata  County,  a  right-hand  branch  of  La 

Plata  River La  Plata. 

Cherry;  creek  in  Routt  County,  a  left-hand  branch  of  Yam  pa 
River. 

Cherry;  post  village  in  Douglas  County. 

Cherrydale;  village  in  La  Plata  County. 

Chester;  station  in    Saguache    County  on   Denver  and  Rio 
Grande  Railroad;  altitude,  9,402  feet. 

Cheyenne;  county  in  the  eastern  part  of  the  State;  bounded 
on  the  north  by  Kit  Carson  County,  on  the  east  by  Kansas, 
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on  the  south  by  Kiowa  County,  and  on  the  west  by  LintMjln 

County.     Its  surface  consists  of  high  rolling  plains.    Its 

area  is  1,787  square  miles,  of  which  less  than  one-half  of 

1  per  cent,  or  2,740  acres,  were  under  cultivation  in  1900. 

The  population  in  1900  was  501,  and  of  Cheyenne  Wells, 

the  county  seat,  1 79.    In  1900  the  average  magnetic  declina- 
tion was  12®  25^  east.    The  mean  annual  rainfall  is  about 

15  inches,  and  the  mean  annual  temperature  50°  to  55°. 
Cheyenne;  creek  in  El  Paso  County,  a  right-hand  branch  of 

Fountain  Creek,  tributary  to  Arkansas  River Colorado  Springs. 

Cheyenne;  creek  in  Prowers  County,  a  right-hand  branch  of 

Arkansas  River Granada. 

Cheyenne;  creek  in  Grand  County,  a  left-hand  branch  of  West 

Fork  North  Platte  River. 
Cheyenne;  mountain  in  El  Paso  County;  altitude,  9,407  feet.  Colorado  Springs. 
Cheyenne  Wells;  county  seat  of  Cheyenne  County  on  Union 

Pacific  Railroad ;  altitude,  4,279  feet Cheyenne  Well«. 

Chicago;  creek  in  Clear  Creek  County,  a  right-hand  branch  of 

Clear  Creek Georgetown. 

Chicago;  gulch  in  La  Plata  County,  a  right-hand  branch  of 

Jimction  Creek Durango. 

Chicago;  lake  in  Clear  Creek  County;  altitude,  11,500  feet...  Georgetown. 

Chicago;  mountain  in  Eagle  County rTenmileDirtrictS,H^- 

l    cial. 

Chicago;  ridge  of  mountains  in  F^le  County rTenmileDi8tri<-tS:  t- 

l    cial. 

Chicago  Basin;  valley  in  La  Plata  County Needle  Mountains. 

Chicago,  Bock  Island  and  Pacific  Railway;  an  extensive 

system  occupying  territory  in  the  Central  States.     It  han 

one  line  in  Colorado  running  from  the  east  to  Colorado 

Springs. 
Chicito  Hill;  summit  in  Conejos  County;  altitude,  9,773  feet. 
Chicken;  creek  in  Las  Animas  County,  a  right-hand  branch  of 

Purgatory  River Spanish  Peaks. 

Chicken;  creek  in  Montezuma  County,  a  right-hand  branch  of 

Dolores  River La  Plata. 

Chico;  creek  in  Pueblo  County,  a  left-hand  branch  of  Arkansas 

River Nepesta. 

Chico;  station   in  Pueblo  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  4,549  feet Nejx^sta. 

Chicorica;  creek  in  Las  Animas  County,  a  right-hand  branch 

of  San  Francisco  Creek,  tributary  to  Purgatory  River Elnioro. 

Chicorico;  mesa  in  Las  Animas  County,  near  Mesa  de  Maya. .  Mesa  de  Maya. 
Chicosa;  canyon  in  Las  Animas  County,  through  which  flows 

Chicosa  Creek,  tributary  to  Purgatory  River Spanish  Peakn, 

Chicosa;  poj^^t  village  in  I..as  Animas  County  on  Denver  and 

Rio  Grande  Railroad Spanish  Peaks. 

Chicosa  Junction;   station  in   Las   Animas   County  on    the 

Colorado  and  Southern  and  the  Denver  and  Rio  Tirande 

railroads;  altitude,  6,104  feet. 
Chief;  creek  in  Yuma  County,  a  left-hand  branch  of  Republican 
Hiver. 
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diief;  mountain  in  Clear  Creek  County;  altitude,  11,710 feet..  Georgetown. 
Chihuahua;  village  in  Summit  County. 
Chimney;  creek  in  Larimer  County,  a  right-hand  branch  of 

Yampa  River. 
Chimney;  creek  in  Routt  County,  a  right-hand  branch  of  Bear 

'  River,  tributary  to  Yampa  River. 
Chimney;  gulch  in  Jefferson  County,  tributary  to  Clear  Creek. 
Chimney;   peak  on  boundary  between  Hinsdale  and  Ouray 

counties;  altitude,  11,785  feet Ouray. 

Chimney  Gulch;  town  in  Jefferson  County  on  Colorado  and 

Southern  Railway;  altitude,  5,926  feet. 
Chipeta;  station  in  Delta  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  5,161  feet. 
Chipeta;  village  in  Pitkin  County. 

Chipmunk;  gul(!h  in  Boulder  County,  tributary  to  Jim  Creek.  Boulder. 
Chiquita;  peak  in  Conejos  County;  altitude,  9,627  feet. 
Chivingfton;  post  village  in  Kiowa  County  on  Missouri  Pacific 

Railroad ;  altitude,  3,887  feet Lamar. 

Christian;  canyon  in  Las  Animas  and  Pueblo  counties,  tribu- 
tary to  Apishapa  River Apishapa. 

Chromo;  post  village  in  Archuleta  County  on  Rio  Grande  and 

Pagosa  Springs  Railroad. 
Chrysolite  Junction;  station  in  Lake  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  10,242  feet. 
Churches;  station  in  Jefferson  County,  on  the  Colorado  and 

Southern,  and  the  Burlington  and  Missouri  River  railroads.  Denver. 
Cima;  station  in  I^  Plata  County  on  Denver  and  Rio  Grande 

Railroad;  altitude.  8,588  feet La  Plata. 

Cima;  station  in  Las  Animas  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway. 
Cimarron;  creek  in  Gunnison  County,  a  left-hand  branch  of fLake  City. 

Gunnison  River.  lOuray. 

Cimarron;  post  village  in  Montrose  County  on   Denver  and 

Rio  Grande  Railroad;  altitude,  6,896  feet. 
Cimarron;  ridge  foFming  the  boundary  between  Gunnison  and 

Ouray  counties Ouray. 

Cimarron;  river  in  Colorado,   New  Mexico,  Oklahoma,  and 

Indian  Territory,  a  right-hand  branch  of  Arkansas  River. 

It  rises  in  the  high  plarins  in  two  forks  in  southeastern  Colo- 

ra<lo  and  northwest^^rn  New  Mexico,  and  flows  with  a  gen- 
eral easterly  course  to  near  Keystone,  Okla.;  discharge  at 

Cimarron   from  March  24  to  Noveml)er  10,  1904,  79,020 

acre-feet. 
Cinder;  buttes  in  La  Plata  County;  altitude,  6,614  feet. 
Cinnamon;  creek  in  San  Juan  County,  a  left-hand  branch  of 

Animas  River Silverton. 

Cinnamon;  mountain  in  Gunnison  County;  altitude,  12,278 

feet Anthracite. 

Cinnamon;  paas  between  Hinsdale  and  San  Juan  counties Silverton. 

Citadel;  plateau  in  Routt  County. 

Claremont;  post  village  in  Kit  Carson  County  on  Chicago, 

Rock  Island  and  Pacific  Railway ;  altitude,  4,407  feet.     Rail- 
road name,  Machias. 
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Clark;  post  village  in  Routt  County. 

Olarks;  lake  in  Garfield  County. 

Clarke;  peak  in  Front  Range,  Larimer  County;  altitude,  13,167 
feet. 

Clarkson;  village  in  Grand  County. 

Clarkston;  village  in  Boulder  County. 

Clay;  creek  in  Montrose  County,  a  right-hand  branch  of  San 
Miguel  River,  tributary  to  Dolores  River. 

Clay;  creek  in  Powers  County,  a  right-hand  branch  of  Ar-fTwo  Butte, 
kansas  River.  I  Lamar. 

Clay  Creek;  spring  in  southeastern  part  of  Bent  County Two  Butte. 

Clayer;  village  in  Mesa  County. 

Clayton  Cone;  summit  in  Saguache  County;  altitude,  9,500 
feet 

Claytonia;  village  in  Saguache  County;  altitude,  8,386  feet. 

Clear;  creek,  a  right-hand  branch  of  South  Arkansas,  tribu- 
tary to  Arkansas  River. 

Clear;  creek  in  Chaffee  County,  a  right-hand  branch  of  Ar- 
kansas River Leadville. 

Clear;  creek  in  Jefferson,  Denver,  and  Adams  counties,  a  left- 
hand  branch  of  South  Platte  River;  discharge  at  Forks 
Creek,  April  1  to  October  31, 1904,  196,600  acre-feet Blacikhawk. 

Clear;  creek  in  Logan  County,  a  leftrhand  branch  of  South 
Platte  River. 

Clear;  lake  in  Clear  Creek  County;  altitude,  9,870  feet Georgetown. 

Clear;  lake  in  San  Juan  County Telluride. 

Clear  Creek;  county  in  the  central  part  of  the  State;  bounded 
on  the  north  by  Grand  and  Gilpin  counties,  on  the  east  by 
Jefferson  County,  on  the  south  by  Park  County,  and  on 
the  west  by  Summit  County.  Its  surface  is  mountainous, 
consisting  of  sloping  spurs,  with  narrow  valleys  between 
them  running  down  from  Front  Range,  which  forms  its 
western  boundary.  Its  area  is  425  square  miles,  of  which 
less  than  one-half  of  1  per  cent,  or  1,196  acres,  were  under 
cultivation  in  1900.  The  population  in  1900  was  7,082;  and 
of  Georgetown,  the  county  seat,  1,418.  In  1900  the  aver- 
age magnetic  declination  was  13°  30''  east.  The  mean  an- 
nual rainfall  is  about  15  inches,  and  the  mean  annual 
temperature  40°  to  45°. 

Clear  Water;  creek  in  Mesa  County,  a  left-hand  branch  of 
Plateau  Creek,  tributary  to  Grand  River. 

Clelland;  station  in  Fremont  County,  on  Atchison,  Topekaand 
Santa,  Fe  Railway;  altitude,  5,166  feet. 

Clelland  Junction;  station  on  Atchison,  Topeka  and  Santa  Fe 
Railway;  altitude,  6,176  feet. 

Cleora;  station  in  Chaffee  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  6,971  feet. 

Cleveland;  gulch  in  Hinsdale  County,  tributary  to  Gunnison 

River Silverton. 

Cliff;  creek  in  Gunnison  County,  a  right-hand  branch  of  Coal 

Creek,  tributary  to  North  Fork  Gunnison  River Anthrat!ite. 

Oliff;  post  village  in  Jefferson  County  on  Colorado  and  South- 
ern Railwav. 
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Olifton;  post  village  in  Mesa  Ooanty,  on  the  Ck)lorado  Midland 

and  the  Denver  and  Rio  Grande  railroads;  altitude,  4,703 

feet. 
Climax;  station  in  Lake  County  on  Colorado  and  Southern 

Railway;  altitude,  11,302  feet. 
OUnton;  gulch  in  Summit  County,  tributary  to  Tenmile  Creek.  Leadville. 
dooxnel;  village  in  Fremont  County. 
Clover;  village  in  Mesa  County. 
Club;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 

White  River. 
Clyde;  post  village  in  Teller  County  on  Colorado  Springs  and 

Cripple  Creek  District  Railway;  altitude,  9,427  feet. 
Coal;  creek  in  Arapahoe  County,  a  riglit-hand  branch  of  Sand 

Creek,  tributary  to  South  Platte  River Denver. 

Coal;  creek  in  Boulder  and  Weld  counties,  a  right-hand  branch 

of  Boulder  Creek,  tributary  to  St.  Vrain  Creek Niwot. 

Coal;  creek  in  Fremont  County,  a  right-hand  branch  of  Ar- 
kansas River Canyon  City. 

Coal;  creek  in  Gunnison  County,  a  right-hand  branch  of  Slate 

River Anthracite. 

Coal;  creek  in  Ouray  County,  a  left-hand  branch  of  Uncom- 

pahgre  River Ouray. 

Coal;  creek  in   Rio  Blanco  County,  a  right-hand  branch  of 

White  Rivei*. 
Coal;  creek  in  San  Juan  County,  a  left-hand  branch  of  Rio 

Grande .• Silverton. 

Coal;  mountain  in  Routt  County;  altitude,  8,430  feet. 

Coalbank;  hill  in  San  Juan  County;  altitude,  10,854  feet Engineer  Mountain. 

Ooalbasin;  post  village  in  Pitkin  County   on   Crystal  River 

Railroad;  altitude,  9,432  feet. 
Coal  Branch.  Junction;  station  in  Park  County  on  Colorado 

and  Southern  Railway. 

Coal  Creek;  peak  in  Jefferson  County Denver. 

Coal  Creek;  village  in  Jefferson  County  on  Denver,  North- 
western and  Pacific  Railway Blackhawk. 

Coal  Creek  Junction;  station  in  Fremont  County  on  Denver 

and  Rio  Grande  Railroad;  population  in  1900,  698;  altitude, 

5,187  feet Canyon  City. 

Coaldale;  post  village  in  Fremont  County  on  Denver  and  Rio 

Grande  Railroad.     Railroad  name,  Pleasanton. 
Coal  Park;  station  in  Boulder  County  on  Burlington  and  Mis- 
souri River  Railroad Denver. 

Ooalridge;  station  in  Garfield  County  on  Colorado  Midland 

Railway;  altitude,  5,628  feet. 

Oobbs;  gulch  in  Ouray  County,  tributary  U)  Cow  Creek Ouray. 

Cobum;  station  on  Denver  and  Rio  Grande  Railroad;  altitude, 

5,568  feet. 
Oocbem;  village  in  Chaffee  County. 
Cochetopa;  creek  in  Saguache  County,  a  right-hand  branch  of 

Tomichi  Creek,  tributary  to  Gunnison  River. 
Cochetopa;  hills  extending  southwest  of  the  southeastern  end 

of  Sawatch  Range,  joining  it  with  San  Juan  Mountains, 

forming  the  northwestern  limit  of  San  Luis  Valley.    The 

sommita  reach  12,000  feet  in  altitude. 
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Cochetopa;  pass  over  the  main  divide  from  San  Luis  Valley 
to  the  Gunnison;  altitude,  10,032  feet. 

Ooclietopa;  post  village  in  Saguache  County;  altitude,  9,088 
feet. 

Cochetopa  Dome;  summit  in  Saguache Ck)unty;  altitude,  10,000 
feet 

Ooclietopa  Forest  Beserve;  area,  1,770  square  miles. 

Cockrell;  village  in  Conejos  County. 

Cody;  station  in  Washington  County  on  Burlington  and  Mis- 
souri River  Railroad. 

Coffee  Pot;  gulch  in  Garfield  County,  tributary  to  Eagle  River. 

Coflin;  lake  in  Boulder  County Niwot. 

Ooflintop;  gulch  in  Boulder  County,  tributary  to  South  St. 

Vrain  Creek Boulder. 

Coffintop;  mountain  in  Boulder  County;  altitude,  8,050  feet..  Boulder. 

Coke  Oven;  creek  in  Dolores  County,  a  right-hand  branch  of 

East  Dolores  River Telluride. 

Coke  Ovens;  station  in  Dolores  County  on  Denver  and  Rio 
Grade  Railroad;  altitude,  9,197  ieet. 

Coke  Ovens;  station  in  l.as  Animas  County  on  Denver  and 
Rio  Grande  Railroad. 

Oollbran;  village  in  Mesa  County. 

Collier;  creek  in  Mesa  County,  a  right-hand  branch  of  Plateau 
River. 

Collina;  station  in  La  Plata  County  on  Denver  and  Rio  Grande 
Railroad. 

Collins;  station  in  Las  Animas  County  on  Colorado  and 
Southern  Railway. 

Colona;  post  village  in  Ouray  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,399  feet. 

Colony;  creek  in  Custer  County,  a  left-hand  branch  of  (irape 
Creek,  tributary  to  Arkansas  River. 

Colorado;  canyon  in  Las  Animas  County,  tributary  to  Purga- 
tory River Spanish  Peaks. 

Colorado. and  Northwestern  Railroad;  line  running  from 
Boulder  to  Ward,  a  distance  of  26  miles. 

Colorado  and  Southeastern  Railway;  line  extending  from 
Delagua  to  Ludlow  and  thence  to  Trinidad,  a  distance  of  28 
miles. 

Colorado  and  Southern  Railway;  system  made  up  of  numer- 
ous short  lines,  mostly  in  Colorado.  One  line  connects 
Denver  with  Leadville;  another  runs  from  Denver  to 
Pueblo,  thence  over  the  Denver  and  Rio  (^rande  Railroad 
tracks  to  Trinidad,  and  thence  to  Fort  Worth,  Tex.  Other 
short  lines  lead  out  of  Denver  and  Pueblo. 

Colorado  and  Wyoming  Railway;  line  connecting  Trinidad 
with  Tercio,  near  the  southern  boundary  of  the  State. 

Colorado  City;  in  El  Paso  County,  on  the  Colorado  Midland 
and  the  Denver  and  Rio  Grande  railroads;  population  in 
1900,  2,914;  altitude,  6,077  feet Colorado  Springs. 

Colorado  City  Junction;  station  in  El  Paso  County  on  Colo- 
rado Springs  and  Cripple  Creek  District  Railway. 
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Colorado  Eastern  Bailroad;  line  running  from  Denver  to 
Scranton,  a  distance  of  17  miles. 

Colorado  Midland  Railway;  line  connecting  Ck)lorado  Springs 
and  Glen  wood  Springs,  thence  continuing  over  the  Denver 
and  Rio  Grande  tracks  to  Grand  Junction. 

Colorado  Springs;  county  seat  of  £1  Paso  County;  a  health 
resort,  and  an  important  railroad  center  entered  by  six 
different  lines;  population  in  1900,  21,085;  altitude,  5,878 
feet (Colorado  Springs. 

Colorado  Springs  and  Cripple  Creek  District  Railway; 
line  connecting  Colorado  Springs  and  Cripple  Creek,  pass- 
ing through  the  gold  district. 

Colorow;  village  in  Grand  County. 

Colton;  town  in  San  Miguel  County. 

Columbia;  gulch  in  Chaffee  County,  tributary  to  Arkansas 

River Leadville. 

Columbia;  mountain  in  Clear  Creek  County Georgetown. 

_,       ^  ,  .     ,        »  ^  .  (Engineer  Mountain. 

Columbine;  lake  m  La  Plata  County;  altitude,  8,788  feet jj^eedle  Mountains. 

Columbine;  pass  in  La  Plata  County Needle  Mountains. 

Columbine;  post  village  in  Routt  County. 

Columbine;  town  in  Teller  County,  on  the  Colorado  Springs 

and  Cripple  Creek  District  and  the  Florence  and  Cripple 

Creek  railways. 
Columbus;  station   in   Chaffee  County  on  Denver  and  Rio 

Grande  Railroad.  ' 

Columbus;  village  in  La  Plata  County;  altitude,  7,321  feet. 
Comanche;  creek  in  £lbert,  Arapahoe,  and  Adams  counties, 

a  right-hand  branch  of  Kiowa  Creek,  tributary  to  South 

Platte  River. 
Commodore;  gulch  in  Ouray  County,  tributary  to  Rea  Moun- 
tain Creek Silverton. 

Como;  lake  in  San  Juan  County Silverton. 

Como;  post  town  in  Park  County  on  Colorado  and  Southern 

Railway;  altitude,  9,785  feet. 
Condon;  village  in  Adams  County. 
Conejos;  county  in  the  southern  part  of  the  State;  bounded  on 

the  north  by  Rio  Grande  and  Costilla  counties,  on  the  east 

by  Costilla  County,  on  the  South  by  New  Mexico,  and  on 

the  west  by  Archuleta  County.     It  includes  part  of  San 

Luis  Valley  which  extends  on  the  west  into  San  Juan 

Mountains.     Its  area  is  l,4t)7  square  miles,  of  which  10  per 

cent,  or  98,960  acres,  were  under  cultivation  in  1900.     The 

population  in  1900  was  8,794;  and  of  Conejos,  the  county 

seat,  348.     In  1900  the  average  magnetic  declination  was 

12°  50^^  east.     The  mean  annual  rainfall  is  about  15  inches, 

and  the  mean  annual  temperature  40**. 
Conejos;  county  seat  of  Conejos  County  on  Denver  and  Rio 

Grande  Railroad;  population  in  1900,  348;  altitude,  7,880 

feet. 
Conejos;  ferry  a<!ro88  Rio  Grande  between  Conejos  and  Coe- 
N  tilla  counties. 
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Conejos;  mountain  in  Conejos  County;  altitude,  13,183  feet. 
Conical  or  Upper  Muddy;  butte  in  Larimer  County;  altitude, 

<7,o4o  leet* 
Conifer;  post  village  in  Jefferson  County;  altitude,  8,153  feet. 
Conrad;  post  village  in  Park  County. 
Conroy ;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Timpaa. 

Content;  post  village  in  La  Plata  Coimty. 

Coniindnun;  creek  in  Pitkin  County,  a  left-hand  branch  of 

Castle  Creek,  tributary  to  Roaring  Fork Aspen* 

Cooke;  creek  in  Mineral  County,  a  right-hand  branch  of  Hot 

Springs  Creek,  tributary  to  Rio  Grande. 

Cook,  Mount;  in  Boulder  County;  altitude,  7,500  feet Boulder. 

Cooley;  creek  in  Fremont  County,  a  left-hand  branch  of  Big 

Cottonwood  Creek,  tributary  to  Arkansas  River. 
Coon;  creek  in  La  Plata  County,  a  left-hand  branch  of  Animas 

River Durango. 

Coon;  gulch  in  Jefferson  County,  tributary  to  Clear  Creek Denver. 

Coon;  valley  in  Kiowa  County Granada. 

Coon  Basin;  valley  in  Gunnison  County Anthracite. 

Cooper;  creek  in  Hinsdale  County,  a  leftrhand  branch  of  Cot- 
tonwood Creek San  Cristobal. 

Cooper;  town  in  Morgan  County  on  Union  Pacific  Railroad. 

Cooper,  Mount;  in  Fremont  County Pikes  Peak. 

Cope;  post  village  in  Washington  County. 

Copper;  creek  in  Qunnlson  County,  a  left-hand  branch  of  Ea»st 

River Crested  Butte. 

Copper;  creek  in  Summit  County,  a  left-hand  branch  of  Ten- 
mile  Creek,  tributary  to  Snake  River Leadville. 

Copper;    gulch  in   Fremont  County,   tributary   to   Arkangas 

River Canyon  City. 

Copper;  gulch  in  Hinsdale  County,  tributary  to  Henson  Creek.  I^ke  City. 
Copper;  gulch  in  San  Juan  County,  tributary  to  South  Fork 

Animas  River Silverton. 

Copper;  hill  in  Lake  County Leadville. 

Copper;  mountain  in  Summit  County;  altitude,  12,475  feet Leadville. 

Copper;  village  in  Mesa  County. 

Copperdale;  village  in  Jefferson  County;  altitude,  7,624  feet..  Blackhawk. 

Copperkettle;  creek  in  Adams  County,  a  left-hand  branch  of 

South  Fork  Republican  River. 
Copper  Rock;  station  in   Boulder  County  on  Colorado  and 

Northwestern  Railroad;  altitude,  7,369  feet. 
Copper  Bock;  summit  in  Boulder  County ;  ajtitude,  7,419  feet.  Boulder. 
Coral;  gulch  in  Rio  Blanco  County,  tributary  to  AV^hite  River. 
Coral;  station  in  Fremont  County  on  Denver  and  Rio  (irande 

Railroad. 
Corbett;  creek  in  Ouray  County,  a  left-hand  branch  of  Uncom- 

pahgre  River Ouray. 

Corbett;  hill  on  boundary  between  Summit  and  Eagle  counties.|'^®'^^,™^j^^^*^*^"^^^I^ 

Corcoran;  village  in  Arapahoe  County. 

Corkscrew;  gulch  in  Ouray  County,  tributary  to  Red  Moun- 

tain  Creek.,,,,,.-, ,,,,,,,,, Silverton, 


GAZETTEER  OF  COLOBADO.  49 

Atlas  sheet. 
Oomet;  creek  in  San  Miguel  County,  a  right-hand  branch  of 

San  Miguel  River Telluride. 

Oomet;  falls  in  San  Miguel  County Telluride. 

Oomwall;  village  in  Rio  Grande  County;  altitude,  9,145  feet. 
Oorona;  station  in  Morgan  County  on  Burlington  and  Mis- 
souri   River  Railroad;    altitude,    4,559    feet     Po8t-ofl5ce, 

Wiggins. 
Ooronado;  station  in  Denver  County  on  Colorado  and  South- 
em  Railway;  altitude,  6,008  feet. 

Corral;  bluffs  in  £1  Paso  County;  altitude,  6,794  feet Colorado  Springs. 

Corral;  creek  in  Clear  Creek  County,  a  left-hand  branch  of  Bear 

Creek,  tributary  to  South  Platte  River. 
Corral;  peak  in  Grand  County;  altitude,  11,333  feet. 
Corrizo;  post  village  in  Baca  County. 
Cortez;  post  village  and  county  seat  of  Montezuma  County; 

population  in  1900,  125. 
Cortrite;  village  in  Park  County. 
Cory;  post  village  in  Delta  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  5,060  feet. 
Costilla;  county  in  the  southern  part  of  the  State;  bounded  on 

the  north  by  Saguache  and  Huerfano  counties,  on  the  east 

by  Huerfano  and  Las  Animas  counties,  on  the  south  by 

New  Mexico,  and  on  the  west  by  Conejos  and  Rio  Grande 

counties;  it  includes  a  part  of  San  Luis  V^alley,  while  the 

east  boundary  is  the  summit  of  Sangre  de  Cristo  Range. 

The  area  is  1,746  square  miles,  of  which  7  per  cent,  or  79,678 

acres,  were  under  cultivation  in  1900.    The  population  in 

1900  was  4,632;  and  of  San  Luis,  the  county  seat,  350.     In 

1900  the  average  magnetic  dec!lination  was  12®  4y  east. 

The  mean  annual  rainfall  is  about  13  inches,  and  the  mean 

annual  temperature  40°  to  45°. 
Costilla;  creek  in  Costilla  County,  a  left-hand  branch  of  Rio 

Grande.  , 
Cotopaxi;  post  village  in  Fremont  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,373  feet. 
Cotton;  creek  in  Saguache  County,  a  left-hand  branch  of  San 

Luis  Creek. 
Cottonwood;    canyon  in  Las    Animas  County,  tributary  to 

Purgatory  River Spanish  Peaks.      « 

Cottonwood;  creek  in  Costilla  County,  a  left-hand  bran(;h  of 

Rio  Grande Huerfano  Park. 

Cottonwood;  creek  in  Fremont  County,  a  right-hand  branch 

of  Currant  Creek,  tributary  to  Arkansas  River Pikes  Peak. 

Cottonwood;  creek  in  Hinsdale  County,  a  left-hand  branch  of 

Lake  Fork  of  Gunnison  River San  Cristoba' 

Cottonwood;  creek  in  I^rimer  County,  a  left-hand  branch  of 

Cache  la  Poudre  River. 
Cottonwood;  creek  in  Las  Animas  County,  a  left-hand  branch 

of  Carrizo  Creek,  tributary  to  Cimarron  River Mount  Carrizo. 

Cottonwood;  creek  in  Mena  County,  a  left-hand   branch  of 

Plateau  River. 

Bull.  291—06 i 
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Cottonwood;  creek  in  Montrose  County,  a  left-hand  branch  of 

Gunnison  River. 
Cottonwood;  creek  in  Prowers  County,  a  left-hand  branch  of 

Arkansas  River (iranada. 

Cottonwood;  creek  in  Saguache  County,  a  left-hand  branch  of 

San  Luis  Creek. 
Cottonwood;  gulch  in  Dolores  County,  tributary  to  West  Fork 

Dolores  River. 
Cottonwood;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Blackhawk. 

Cottonwood;  spring  in  Chaffee  County. 

Cottonwood;  spring  in  Pueblo  County Apishapa. 

Cottonwood;  station  in  Gilpin  County  on  Colorado  and  South- 
em  Railway;  altitude,  7,190  feet Blackhawk. 

Cottonwood;  station  in  Saguache  County  on  Denver  and  Rio 

Grande  Railroad;  altitude, 8,397  feet.     Post-office,  Liberty. 
Cottonwood;  village  in  (xunnison  County ;  altitude,  11 ,900  feet. 
Coulter;  post  village  in  Grand  County;  altitude,  9,255  feet. 
Courthouse;   mountain  on  boundary  between  Hinsdale  and 

Ouray  counties;  altitude,  12,165  feet Ouray. 

Coventry;  post  village  in  Montrose  County. 

Cover;  mountain  in  Park  County;  altitude,  10,165  feet Pikes  Peak. 

Cow;  butte  in  Otero  County;  altitude,  4,745  feet Catlin. 

Cow;  creek  in  Larimer  County,  a  left-hand  branch  of  Big 

Thompson  Creek. 
Cow;  creek  in  Ouray  County,  a  left-hand  branch  of  Uncoiu- 

pahgre  River Ouray. 

Cow;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of  Pice- 

ance  Creek,  j;ributary  to  White  River. 
Cow;  spring  in  (iarfield  County. 
Cowan;  station  in  Jefferson  County  on  Colorado  and  Southern 

Railway. 
Cowdrey;  post  village  in  Larimer  County. 
Cox;  post  village  in  Gunnison  County. 
Coxcomb;  peak  in  San  Juan  Mountains  on  boundary  between 

Hinsdale  and  Ouray  counties;  altitude,  13,663  feet Ouray. 

Coxo;  station  in  Conejos  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  9,741  feet. 
Coyote;  creek  in  San  Juan  County,  a  right-hand  branch  of  Rio 

Navajo. 
Coyote;  creek  in  Yuma  County,  a  left-hand  branch  of  North 

Fork  Republican  River. 
Coyote  Basin;  valley  in  Routt  County. 

Crags;  station  in  El  Paso  County  on  C-olorado  Midland  Rail- 
way; altitude,  7,005  feet. 

Crags,  The;  summit  in  Teller  County Pikes  Peak. 

Craigs;  creek  in  Park  County,  a  right-hand  branch  of  North 

Fork  South  Platte  River Platte  Canyon. 

Craigs;  post  village  in  Routt  County. 

Cramer;  station  in  Fremont  County  on  Florence  and  Cripple 

Creek  Railway;  altitude,  5,893  feet. 
Crane  Park;  station  in  Lake  C^ounty   on  Denver    and   Rio 

Grande  Railroad',  altitude,  10,102  feel  ,,,...,,.., , .  I^eadviHe, 
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Grater;  lake  in  Jefferson  County;  altitude,  8,877  feet Jefferson. 

Cravens;  station  in  Lake  County  on  Denver  and  Rio  Grande 

Railroad. 
Crawford;  gulch  in  Jefferson  County,  tributary  to  ('lear  Creek.  Blackhawk. 
Crawford;  post  village  in  Delta  County;  altitude,  6,950  feet. 
Creede;  city,  and  county  seat  of  Mineral  County  on  Denver 

and  Rio Glande  Railroad;  population  in  1900,938;  altitude, 

8,840  feet. 
Crescent;  peak  in  Routt  County;  altitude,  10,255  feet. 
Crescent;  station  in  Boulder  County  on  Denver,  Northwestern 

and  Pacific  Railway Blackhawk. 

Crescent;  village  in  Grand  County. 

Crescent;  village  in  Larimer  County. 

Crested;  butte  in  Elk  Mountains,  (Junninon  County;  altitude, 

12,172  feet Crested  Butte. 

Crested  Butte;  post  village  in  Gunninon  County  on  Denver  and 

Rio  Grande  Railroad;  population  in  1900,   988;  altitude, 

8,867  feet Created  Butte. 

Crestone;  creek  in  Saguache  Oiunty,  a  right-hand  branch  of 

Cottonwood  Creek,  tributary  to  San  Luis  Creek. 
Crestone;  peaks  in  Sangre  de  Cristo  Range,  Saguache  County; 

altitude,  14,233  feet. 
Crestone;  post  village  in  Saguache  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,871  feet. 
Crestone  Junction;  station  in  Sagua(!he  County  on  Denver 

and  Rio  Grande  Railroad;  altitude,  7,572  feet. 
Creswell;  post  village  in  Jefferson  County. 
Crevasse;  station  in  Mesa  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  4,585  feet. 
Crews;  station  in  El  Paso  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway. 
Cripple;  creek  in  Teller  County,  a  left-hand  branch  of  Oil  Creek, 

tributary  to  Arkansas  River Pikes  Peak. 

Chripple  Creek;  gold-mining  town,  the  county  seat  of  Teller 

County,  on  the  Colorado  Midland,  the  Florence  and  Cripple 

Creek,  and  the  Midland  Terminal  railways;  i)opulation  in 

1900,  10,147;  altitude,  9,591  feet .' Pikes  Peak. 

Crisman;  post  village  in  Boulder  County   on  Colorado  and 

Northwestern  Railroad;  altitude,  6,276  feet. 
Critchell;  post  village  in  Jefferson  County. 
Croft;  village  in  Otero  County. 

Crook;  post  village  in  Ix)gan  County  on  Union  Pacific  Rail- 
road; altitude,  3,707  feet. 
Crooked;  creek  in  Grand  County,  a  left-hand  branch  of  Frazer 

River,  tributary  to  Grand  River. 
Crooked  Wash;  creek  in  Rio  Blanco  County,  a  right-hand 

branch  of  White  River. 
Crookston;  post  village  in  Saguache  County. 
Crookton;  station  in  Gunnison  County  on   Denver  and   Rio 

Grande  Railroad;  altitude,  8,158  feet. 
Crosson;  station  in  Park  County  on  Colorado  and  Southern 

Railway;  altitude,  7,070  feet Platte  Canyon, 
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Crow;  creek  in  Weld  County,  a  left-hand  branch  of  South  Platte 

River Greeley. 

Grow;  post  village  in  Pueblo  County. 

Crowes;   station  in    Hinsdale    County  on    Denver   ami   Rio 

Grande  Railroad. 
Crown;  mountain  on  boundary  between  Hinsdale  and  San  Juan 

counties Silverton. 

Crows  Boost;  summits   in   El   Paso  County,   south   <^f   Big 

Springs Big  Springs. 

Crystal;  creek  in  Hinsdale  County,  a  left-hand  branch  of  Hen- 
son  Creek,  tributary  to  Lake  Fork  Ciunni8<in  River Ijike  City. 

Crystal;   creek  in  (irunnison  and  Montrose  countie.s,  a  right- 
hand  branch  of  Gunnison  River. 

Crystal;  lake  in  Hinsdale  County l>ake  City. 

Crystal;  lake  in  Lake  County Leadville. 

Crystal;  peak  in  Gunnison  County Crested  Butte. 

Crystal;  peak  in  San  Juan  Mountains,  Hinsdale  County;  alti- 
tude, 12,927  feet Lake  City. 

Crystal;  peak  in  Teller  County;  altitude,  9,668  feet Pikes  Peak. 

Crystal;  post  village  in  Gunnison  County. 

Crystal;  spring  in  Yuma  County. 

Crystal  Creek;  station  in  Montrose  County  on   Denver  and 

Rio  Grande  Railroad;  altitude,  6,821  teet. 
Crystal  Lake;  station  in  Jefferson  County  on  Colorado  and 

Southern  Railway;  altitude,  6,873  feet. 
Crystal  Lake;  station  in  Lake  County  on  Denver  and   Kio 

Grande  Railroad I^eadville. 

Crystal  River  Railroad;  line  connecting  Carbondale  and  PUi- 

cita;  a  narrow-gage  spur  runs  from  Redstone  to  Coalbasin. 
Crystal  Springs;  station  in   Kit  Carson  County  on  Chicago, 

Rock  Island  and  Pacific  Railway. 
Cuatro;  post  village  in  Las  Animas  County;  altitude,  7,994  feet. 
Cub;  creek  in  Jefferson  County,  a  right-harul  branch  of  Hear 

Creek,  tributary  to  South  Platte  River. 
Cub;  mountain  in  Park  County;  altitude,  10,623  f.-ct. 

Cuba;  gulch  in  Hinsdale  County,  tributary  to  Rio  Grande Silverton 

Cuchara;    pass  between  Huerfano  and  Las  Animals  counties; 

altitude,  9,994  feet. 
Cuchara;  post  village  in  Huerfano  County  on  Denver  and  Rio 

Grande  Railroad Walsenbnrp'. 

Cuchara;  river  in  Huerfano  and  Pueblo  counties,  a  right-hand  (Walsen burg. 

branch  of  Huerfano  River.  I  Huerfano. 

Cuchara  Junction;  station  in  Huerfano  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  5,930  feet. 
Cuerin;  village  in  Saguache  County. 
Cuffey;  village  in  Park  County. 
Culbertson  Junction;  station  in  Boulder  County  on  C'olorado 

and  Southern  Railway. 
Culebra;  peak  in  Las  Animas  County;  altitu<le.  14,0<>9  feet. 
Cullom,  Mount;  in  Routt  County  west  of  (IJreen  River. 
Culver;  station  in  El  Paso  County  on  Colorado  Midlaiul  ilail- 

way;  altitude,  7,503  feet Colorado  Springs. 
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Ouxnberland;  peak  in  San  Juan  Range,  I^  Plata  County;  alti- 
tude, 12,368  feet Durango. 

Cumberland  Basin;  valley  in  I^  Plata  County La  Plata. 

Cumbres;  station  in  Conejos  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  10,003  feet. 

Cunnin^bam;  creek  in  Han  Juan  County,  a  left-hand  liranch 

of  Animas  River Silverton. 

Cunningbcun;  pass  in  San  Juan  Mountains,  connecting  Bakers 
Park  with  the  head  of  Rio  Grande;  altitude,  12,090  feet. 

Cunnin^bam;  station  in  La  Plata  County  on  I)enver  and  Rio 
Grande  Railroad. 

Ciinningbams;  station  in  Summit  C/ounty  on  Denvtr  and  Rio 
(irande  Railroad. 

Curecanti;  creek  in  Gunnison  C'ounty,  a  right-liaiul  branch 
of  Giinnison  River. 

Curecanti;  village  in  Gunnison  County  «»n  Denver  and  Rio 
Grande  Railroad;  altitude,  7,065  feet. 

Currant;  creek   in  Fremont  County,  a   left-hand   branch   of 

Arkansas  River '. Pikes  Peak. 

Currant;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 
White  River. 

Currant  Creek;  pass  in  Park  County;  altitude,  9,654  feet. 

Currant  Creek;  village  in  Fremont  County Pikes  Peak. 

Curtin;  station  in  Summit  County  nn  Colorado  and  Southern 
Railway;  altitude,  9,278  feet. 

Curtis;  creek  in  Rio  Blanco  County,  a  right-hand  branch  of 
White  River. 

Curtis;  post  village  in  El  Paso  County. 

Curtis;  station  in  Summit  County  on  Denver  and  Rio  Grande 
Railroad. 

Curtis;  village  in  Washington  (bounty. 

Custer;  county  south  of  the  center  of  the  State;  bounded  on 
the  north  by  Fremont  County,  on  the  east  by  Pueblo  County, 
on  the  south  by  Huerfano  County,  and  on  the  west  by 
Sangre  de  Cristo  Range,  the  slopes  of  which  descend  to 
Grape  Creek  and  include  the  Wet  Mountains,  from  which 
the  county  descends  into  plains.  Its  area  is  696  8<iuare 
miles,  of  which  5  per  cent,  or  23,111  acres,  were  under  cul- 
tivation in  1900.  The  population  in  1900  was  2,937;  and  of 
Silver  Cliff,  the  county  seat,  576.  In  1900  the  average  mag- 
netic declination  was  13°  00^  east.  The  mean  annual  rain- 
fall is  ab<:>ut  17  inches,  and  the  mean  annual  temperature 
40''  to  45°. 

Cutter;  creek  in  Ouray  County,  a  right-hand  branch  of  Un- 

compahgre  River Ouray. 

Cyanide;  post  village  in  Fremont  County  on  Florence  and 
Cripple  Creek  Railroad;  altitude,  5,231  feet. 

Daffodil;  post  village  in  Douglas  County. 

Dailey;  village  in  Garfield  County. 

Daisy;  pass  in  Gunnison  County Anthracite. 

Dale;  creek  in  Larimer  County,  a  left-hand  branch  of  Cache 
la  Poudre  River. 
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Dale;  station  in   Fremont  County  on  Florence  and  Cripple 

Creek  Railroad;  altitude,  7,063  feet. 

Dallas;  peak  in  San  Miguel  County Telluride. 

Dallas;  town  in  Ouray  County  on  Denver  and  Rio  Grande 

Railroad;  population  m  1900,  50;  altitude,  6,909  feet Ouray. 

Dallas  Divide;  poet  village  in  San  Miguel  County  on  Denver 

and  Rio  Grande  Railroad;  altitude,  8,977  feet 
Dallas  Fork;  in  Ouray  County,  a  left-hand  branch  of  Uncoin- 

pahgre  River. 
Daly,  Mount;   in  Elk  Mountains,  Pitkin  County;  altitude, 

13,193  feet 
Dana;  creek  in  Dolores  County,  a  left-hand  branch  of  West 

Fork  Dolores  River. 
Danforth;  hills  in  Routt  and  Rio  Blanco  counties. 
Dante;  station  in  Teller  County  on  Colorado  Springs  and  Crip- 
ple Creek  District  Railway. 
Darby;  creek  in  Ia  Plata  County,  a  left-hand  branch  of  Ijbl 

Plata  Ri ver La  Plata. 

Dark;  canyon  in  Gunnison  County,  tributary  to  Anthracite 

Creek Anthracite. 

Davenport;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Central  City  S])ec.ial 

Davenport;  station  in  Saguache  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,169  feet. 

Davidson;  mesa  in  Boulder  County Denver. 

Davis;  canyon  in  Otero  County,  tributary  to  Purgatory  River.  Timpas. 
Davis;  peak  in  Larimer  County;  altitude,  11,001  feet. 
Daweepanoonis;  creek  in  Ouray  County,  a  left-hand  }>rancli 

of  Uncompahgre  River. 
Dawkins;  post  village  in  Pueblo  County.     Railroad  name, 

Pifion. 

Dawson;  butte  in  Douglas  County Castle  Rock. 

Dawson;  station  in  Jefferson  County  on  Colorado  and  South- 
em  Railway;  altitude,  6,308  feet Platte  Canyon. 

Dayton;  village  in  Gunnison  County;  altitude,  9,441  feet. 

Dead;  lake  in  El  Paso  C-ounty Pike?  Peak. 

Deadman;  canyon  in  El  Paso  County,  tributary  to  Turkey 

Creek '. ...  Colorado  Spnnga. 

Deadman;  creek  in  FA  Paso  County,  a  right-hand  branch  of 

Beaver  Creek,  tributary  to  Arkansas  River Castle  Rock. 

Deadman;  gulch  in  Boulder  County,  tributary  to  South  8t. 

Vrain  Creek Boulder. 

Deadman;  gulch  in  Hinsdale  County,  tributary  to  Lake  Fork 

Gunnison  River Lake  City 

Deadman;  gulch   in   La   Plata  County,   tributary  to  Cherry 

Creek U  Plata. 

Deadmans;  gulch  in  Gunnison  County,  tributary  to  Taylor 

River Crested  Butte. 

Deadwood;  creek  in  La  Plata  County,  a  left-han<l  branch  of 

La  Plata  River La  Plata. 

Deadwood;  gulch  in  Dolores  County,  tributary  to  I\ast  Dol- 
ores River Rico. 
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Deadwood;  gulch  in  San  Juan  County,  tributary  to  Animas 

River Silverton. 

Deadwood;  mountain  in  La  Plata  County La  Plata. 

I>eaii,  poet  village  in  Las  Animas  County. 

Dean;  station  in  Fremont  County  on  AtchiRon  To])eka  and 

Santa  Fe  Railway;  altitude,  5,102  feet. 
Deane;  town  in  Douglas  County. 

Deansbiuy;  town  in  Jefferson  County;  altitude,  5,859  feet. 
De  Beque;  post  town  in  Mesa  County,  on  the  Colorado  Mid- 
land and  the  Denver  and  Rio  Grande  railroads;  population, 

in  1900,  83;  altitude,  4,935  feet. 
Deception;  creek  in  Routt  County,  a  left-han<l   branch  of 

Yampa  River. 
Decker;  station  in  Weld  County  on  Union  Pacific  Railroad; 

altitude,  5,592  feet. 
Deep;  canyon  in  Montezuma  County,  tributary  to  West  Man- 
cos  River I ^  Plata. 

Deep;  creek  in  Garfield  County,  a  right-hand  branch  ot  (irand 

River. 
Deep;  creek  in  La  Plata  County,  a  left-hand  branch  of  Light- 

ner  Creek Durango. 

Deep;  creek  in  San  Miguel  County,  a  right-hand  branch  of  San 

Miguel  River Telluride. 

Deep;  lake  in  Garfield  County. 

Deep  Channel;  creek  in  Routt  County,  a  right-hand  branch 

of  White  River. 
Deepcreek;  post  village  in  Routt  County. 
Deer;  creek  in  Gunnison  County,  a  left-hand  branch  of  East 

River,  tributary  to  Slate  River Crested  Butte. 

Deer;  creek  in  Jefferson  County,  a  left-hand  branch  of  South 

Platte  River Denver. 

Deer;  creek  in  Mesa  County,  a  right-hand  branch  of  Gunnison 

River. 
Deer;  creek  in  Ouray  County,   a  right-hand  branch  of  Cow 

Creek,  tributary  to  Uncompahgre  River Ouray. 

Deer;  creek  in  Park  County,  a  left-hand  branch  of  South  Platte 

River ( ieorgetown. 

Deer;  creek  in  Pitkin  County,  a  right-hand  branch  of  Roaring 

Fork.  • 

Deercreek;  village  in  Jefferson  County. 
Deer  Creek;  canyon  in  Boulder  County,  tributary  to  I^efthand 

Creek Boulder. 

Deer  Park;  creek  m  Park  County,  a  left-hand  branch  of  North 

Fork  South  Platte  River Platte  Canyon. 

Deer  Park;  creek  in  San  Juan  County,  a  left-hand  branch  of 

Animas  River Silverton. 

Deer  Park;  valley  in  Custer  County Canyon  City. 

Deer  Park;  valley  in  Park  County Platte  Canyon. 

Deer  Run;  station  in  Mesa  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  4,702  feet. 

Deertail  Basin;  valley  in  San  Miguel  County Telluride. 

Deer  Trail;  creek  in  Adams  and  Morgan  counties,  a  right-hand 

branch  of  Bijou  Creek,  tributary  to  South  Platte  Rivefr. 
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Deer  Trail;  post  village  in  Arapahoe  County  on  Union  Pacific 
Railroad;  altitude,  5,183  feet. 

Defiance;  village  in  Garfield  County. 

Delag^a;  post  village  in  Las  Animas  County  on  Colorado  and 
Southeastern  Railway. 

Delano;  butte  in  Larimer  County. 

Delhi;  station  in  I^s  Animas  County  on  Atchison,  Topeka 

and  Santa  Fe  Railway;  altitude,  5,050  feet Apishapa. 

Del  Norte;  peak  in  San  Juan  Mountains  in  Rio  Grande 
County;  altitude,  13,084  feet. 

Del  Norte;  poat  town  and  county  seat  of  Rio  Grande  County 
on  Denver  and  Rio  Grande  Railroad;  population  in  1900, 
705;  altitude,  7,868  feet. 

Delta;  county  in  the  western  part  of  the  State;  bounded  on 
the  north  and  west  by  Mesa  County  on  the  east  by  Gun- 
nison County,  and  on  the  south  by  Montrose  County.  It 
is  traversed  by  Gunnison  River,  to  which  it  sloi)es  from 
plateaus  on  the  north  and  south.  Its  area  is  1,201  square 
miles,  of  which  5  per  cent,  or  38,016  acres,  were  under 
cultivation  in  1900.  The  population  in  1900  was  5,487;  and 
of  Delta,  the  county  seat,  819.  In  1900  the  average  mag- 
netic declination  was  14°  lO'^  east.  The  mean  annual 
rainfall  is  about  11  inches,  and  the  mean  annual  tempera- 
ture 45*»  to  50*». 

Delta;  post  town  and  county  seat  of  Delta  County  on  Denver 
and  Rio  Grande  Railroad;  population  in  1900,  819;  alti- 
tude, 4,970  feet. 

Democrat;  mountain  in  Clear  Creek  County (ieorgetown 

Democrat  Basin;  hanging  valley  in  Gunnison  County Anthracite. 

Denver;  county  in  the  north-central  part  of  the  State;  bounded 
on  the  north  by  Adams  County,  on  the  east  by  Adams  and 
Arapahoe  counties,  on  the  south  by  Arapahoe  County,  and 
on  the  west  by  Jefferson  County.  Denver,  the  county  seat, 
and  its  suburbs  occupy  the  greater  part.  Its  surface  con- 
sists of  rolling  plains,  and  its  area  is  87  square  miles.  In 
1900  the  average  magnetic  de(;lination  was  13°  25''  east. 
The  mean  annual  rainfall  is  about  15  inches,  and  the 
mean  annual  temperature  45°  to  50°. 

Denver;  county  seat  of  Denver  County;  pof)ulation  in  1900, 
133,859.  It  is  situated  on  the  plains,  12  miles  east  of  the 
base  of  the  mountains,  on  South  Platte  River,  at  the 
mouth  *  f  Clear  Creek.  It  is  the  capital  and  largest  city 
of  the  State,  and  is  entered  by  eight  railroads;  altitu<le, 
5,184  feet. 

Denver  and  Inter-Moiintain  Railway;  a  line  running  from 
Denver  to  (^rolden,  a  distance  of  13  miles. 

Denver  and  Rio  Grande  Railroad;  main  line  starting  at 
Denver  runs  south  to  Pueblo,  and  thence  along  Arkansas 
River  to  its  head,  crosses  the  Continental  Divide  at  Tennes- 
see Pass,  and  extends  westward  to  Salt  I^ke  City  and  Og- 
den  by  way  of  Eagle  and  Grand  river  valleys.  A  branch 
line  at  Salida  in  Arkansas  Valley  follows  closely  Gunnison 
River  and  rejoins  the  main  line  at  Grand  Junction.     An- 
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other  branch  from  Poncha  Junction  traverses  the  entire 

length  of  San  Luis  Valley,  finally  reaching  Santa  Fe.    From 

Montrose  a  line  extends  southward  along  the  Uncompah- 

gre  River  Valley  around  the  west  side  of  San  Juan  Moun- 
tains, through  Rico  and  Durango,  and  across  the  southern 

boundary  of  the  State,  to  a  junction  with  the  Santa  Fe 

branch.     From  Pueblo  a  line  runs  to  Trinidad.    There  are 

numerous  other  small  branches.    The  greater  part  of  the 

system  is  included  in  Colorado. 
Denver,  Lakewood  and  Golden  Railroad;  line  connecting 

Denver  and  lakewood,  a  distance  of  about  19  miles. 
Denver  Mills;  post  village  in  Denver  County  on  Colorado  and 

Southern  Railway. 
Denver,  Northwestern  and  Pacific  Railway;  a  line  run- 
ning from  Denver  to  Arrow  Head,  a  distance  of  76  miles. 
Derby;  creek  in  Eagle  County,  a  right-hand  branch  of  Grand     . 

River. 
Derby;  creek  in  Logan  County,  a  left-hand  branch  of  Horse- 
tail Creek,  tributary  to  South  Platte  River. 
Derby;  peak  in  Garfield  County. 
Derby;  peak  in  Rio  Blanco  County. 
Derby;  station  i.i  Adams  County  on  Burlington  and  Missouri 

River  Railroad Denver. 

Deuel;  post-office  in  Morgan  County  on  Union  Pacific  Railroad. 

Railroad  name,  Weldon. 
Devils;  canyon  in  Clear  Creek  County,  tributary  to  Chicago 

Creek Georgetown. 

Devils;  canyon  in  Ouray  County,  tributary  to  Nate  Creek Ouray. 

Devils;  canyon  in  Ofero  County,  tributary  to  Timpas  Creek..  Apishapa. 
Devils;  creek  in  Archuleta  County,  a  left-hand  branch  of  Rio 

Piedra. 
Devils;  creek  in  Hinsdale  County,  a  left-hand  branch  of  Lake 

Fork  Gunnison  River Lake  City. 

Devils  Causeway;  narrow  ridge  in  Garfield  County,  on  the 

summit  of  White  River  Plateau. 
Devils  Head;  summit  in  Douglas  County;  altitude,  9,348 feet. 
Devils  Nose;  summit  in  Clear  Creek  County;  altitude,  11,000 

feet Georgetown. 

Devine;  village  in  Park  County. 

Dexter;  creek  in  Ouray  County,  a  right-hand  branch  of  Uncom- 

pahgre  River Ouray. 

Dexter;  post  village  in  Grand  County. 

Diamond;  hill  in  San  Miguel  County Telluride. 

Diamond;  peak  in  Routt  County;  altitude,  9,925  feet. 
Dick;  station  in  Weld  County  on  Union  Pacific  Railroad;  alti- 
tude, 5,123  feet Greeley. 

Dickey;  station  in  Summit  County  on  Colorado  and  Southern 

Railway;  altitude,  8,987  feet. 
Dickman;  creek   in   Cunter  County,   a   left-hand    branch    of 

Grape  Creek,  tributary  to  Arkansius  River. 
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Difficult;  creek  in  Pitkin  County,  a  left-hand  branch  of  Roar- 
ing Fork,  tributary  to  Grand  River Aspen. 

Dike;  mountain  in  Huerfano  County Huerfano  Park. 

Dillon;  station  in  Summit  County,  on  the  Colorado  and  South- 
ern and  the  Denver  and  Rio  Grande  .railroads;  altitude, 
8,849  feet. 

Diorite;  peak  in  Montezuma  County La  Plata. 

Dippold  Basin;  valley  in  Gunnison  County Anthracite. 

Disappointment;  creek  in  Dolores  County,  a  right-hand 
branch  of  West  Fork  Dolores  River. 

Diston;  station  in  Kiowa  County  on  Missouri  Pacific  Railway; 

altitude,  4,110  feet Lamar. 

Dives  Basin;  valley  in  San  Juan  County Silverton. 

Divide;  creek  in  Larimer  County,  a  right-hand  branch  of 
Thompson  Creek. 

Divide;  creek  in  Mesa  County,  a  left-hand  branch  of  Grand 
River,  heading  in  Smoke  and  West  creeks. 

Divide;  post  village  in  Teller  County,  on  the  (Colorado  Midland 

and  the  Midland  Terminal  railways;  altitude,  9,183  feet  ..  Pikes  Peak. 

Divide;  station  in  Chaffee  County,  on  the  Colorado  Midland 
and  the  Denver  and  Rio  Grande  railroads. 

Dix;  village  in  La  Plata  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  8,208  feet La  Plata, 

Dixon;  station  in  Weld  County  on  Burlington  and  Missouri 
River  Railroad;  altitude,  4,723  feet. 

Dixons  Mill;  station  in  Boulder  County  on  Burlington  and 

Missouri  River  Railroad;  altitude,  4,895  feet Niwot. 

Dodd;  post  village  in  Morgan  County  on  Union  Pacific  Rail- 
road. 

Dodd  Reservoir;  artificial  lake  in  Boulder  County Niwot. 

Doe;  creek  in  Mineral  County,  a  left-hand  branch  of  Rio 
Grande. 

Dolly  Varden;  mountain  in  Hinsdale  County Silverton. 

Dolomite;  town  in  El  Paso  County. 

Dolores;  county  in  the  southwestern  part  of  the  State,  bounded 
.  on  the  north  by  San  Miguel  County,  on  the  east  by  Ouray 
and  San  Juan  counties,  on  the  south  by  Montezuma  County, 
and  on  the  west  by  Utah.  The  eastern  part  consists  of 
high  rugged  mountains  of  the  San  Juan  group,  and  the 
western  part  is  an  arid  plateau.  The  area  is  1,000  square 
miles,  of  which  les:^  than  one-half  of  1  per  cent,  or  942  acres, 
were  under  cultivation  in  1900.  The  population  in  1900 
was  1,134;  and  of  Rico,  the  county  seat,  811.  In  1900  the 
average  magnetic  declination  was  13°  30''  east.  The  mean 
annual  rainfall  is  about  23  inches,  and  the  mean  annual 
temperature  45°  to  50°. 

Dolores;  moimtain  in  Dolores  County;  altitude,   13,502  feet..|I,    ^; 

IKngmeer  Mountain. 

Dolores;  plateau  in  western  part  of  the  State,  through  which 

Dolores  River  cuts  a  canyon. 
Dolores;   post  town  in  Montezuma  County  on  Denver  and  Rio 

Grande  Railroad;  population  in  1900,  108;  altitude,  6,945 

leet 
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Dolores;  river  in  southwestern  part  of  the  State,  a  lar^  left- 
hand  branch  of  the  Grand,  heading  in  the  western  part  of 

San  Juan   Mountains   and    flowing  northwest  and  then 

nearly  north. 

Dome;  mountain  in  San  Juan  County Silverton. 

Dome;  mountain  in  Houtt  County. 

Dome;  peak  in  Garfield  County;  altitude,  12,498  feet. 

Dome  Rock;  station  in  Jefferson  County  on  Colorado  and 

Southern  Railway;  altitude,  6,210  feet Platte  Canyon 

Dome  Rock;  summit  in  Teller  County Pikes  Peak. 

Domin^ez;    station  in  Delta  County  on   Denver  and  Rio 

Grande  Railroad;  altitude,  4,791  feet. 
Doran;  post  village  in  Park  County.     Railroad  name.  Mudsill. 
Dorcas;  station  in  Fremont  County  on  Florem^e  and  Cripple 

Creek  Railroad. 
Dorchester;  post  village  in  Gunnison  County. 
Domick;    station  in   (Chaffee  County   on    Denver    and    Rio 

Grande  Railroad. 

Dory;  hill  in  Gilpin  County;  altitude,  9,270  feet Blackhawk. 

Dotsero;    post  village  in  Eagle  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,157  feet. 
Double  Spoon;  creek  in  Delta  County,  a  right-hand  hranch 

of  Gunnison  River. 
Double  Top;  mountain  in  Gunnison  County;  altitude,  12,192 

feet Crested  Butte. 

Doudy  Hollow;  valley  in  Jefferson  and  Boulder  counties, 

tributary  to  Coal  Creek Blackhawk. 

Dous^las;  county  in  the  central  part  of  the  State;  bounded  on 

the  north  by  Arapahoe  County,  on  the  east  by  Elbert 

County,  on  the  south  by  El  Paso  and  Teller  counties,  and 

on  the  west  by  Jefferson  County.    Its  surface  consists  of 

high  rolling  plains,  the  western  portion  extending  into 

Front  Range.    The  area  is  889  square  miles,  of  which  7  per 

cent,  or  39,165  acres,  were  under  cultivation  in  1900.     The 

population  in  1900  was  3, 120;  and  of  Castle  Rock,  the  county 

seat,  304.     In  1900  the  average  magnetic  declination  was 

13®  2y  east.     The  mean  annual  rainfall  is  about  18  inches, 

and  the  mean  annual  temperature  50°  to  55°. 
Douglas;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 

White  River,  originating  in  East  Fork  and  West  Douglas 

Creek. 

Dous^las;  peak  in  Jefferson  County Blackhawk. 

Douglas;    station  in  Douglas    County  on    Denver  and    Rio 

Grande  Railroad;  altitude,  6,308  feet. 
Dover;  station  in  Weld  County;  altitude,  5,399  feet. 
Downer;  post  village  in  Boulder  County. 

Downing';  village  in  Las  Animas  County;  altitude,  5,450  feet. .  Elmoro. 
Doyle;  arroyo  in  Pueblo  County,  tributary  to  Huerfano  River.  Apishapa. 
Doyle;  station  in  Gunnison  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  8,052  feet     Po?«t-office,  Doyleville. 
Dresden;   station  in  Hueriano  County  on  Denver  and    Rio 

Grande  Railroad. 
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Dresden;  station  on  Colorado  and  Southern  Railway;  altitude, 

5,767  feet. 
Drew;  village  in  Gunnison  County 

Dripping;  spring  in  Las  Animas  County;  altitude,  5,941  feet .  Apishapa. 
Dry;  arroyo  in  Otero  County,  a  left-hand  branch  of  Timpas 

Creek,  tributary  to  Arkansas  River Tiinpas. 

Dry;  creek  in  Arapahoe  County,  a  left-hand  branch  of  Cherry 

Creek,  tributary  to  South  Platte  River Denver. 

Dry;  creek  in  Boulder  County,  inlet  of  Swede  Lakes Niwot. 

Dry;  creek  in  Boulder  and  Weld  counties,  a  right-hand  branch 

of  St.  Vrain  Creek,  tributary  to  South  Platte  River Niwot. 

Dry;  creek  in  Delta  County,  a  right-hand  branch  of  Gunnison 

River. 
Dry;  creek  in  Jefferson  County,  a  left-hand  branch  of  Clear 

Creek,  tributary  to  South  Platte  River Blackhawk. 

Dry;  creek  in  Montrose  County,  a  left-hand  branch  of  Uncoin- 

pahgre  River. 
Dry;  creek  in  Ouray  County,  a  right-hand  branch  of  Unconi- 

pahgre  River Ouray. 

Dry;  creek  in  Pueblo  County,  a  left-hand  branch  of  Arkansas 

River Pueblo. 

Dry;  creek  in  Prowers  County,  a  right-hand  branch  of  Arkan- 
sas River I^niar. 

Dry;  creek  in  Rio  Blanco  County,  a  right-hand  branch   of 

White  River. 

Dry;  gulch  in  La  Plata  County,  tributary  to  Animas  River Durango. 

Dry;  gulch  in  San  Juan  County,  tributary  to  Cement  Creek. . .  Silverton. 

Dry;  mountain  in  Routt  County. 

Dry  Fork;  in  Garfield  County,  a  right-hand  branirh  of  Rifie 

Creek,  tributary  to  Grand  River. 
Dry  Fork;  in  La  Plata  County,  a  left-hand  branch  of  Lightner 

Creek,  tributary  to  Animas  River Durango. 

Dry  Fork;  in  Montrose  and  Mesa  counties,  a  left-hand  branch 

of  Gunnison  River. 
Dry  St.  Vrain;  creek  in  Boulder  County,  a  right-hand  l)rant'h 

of  North  St.  Vrain  Creek,  tributary  to  St.  Vrain  Creek Boulder. 

Dubois;  post  town  in  Gunnison  County;  population  in  1900,  23. 
Duck;   creek  in  Park  County,  a  left-hand   branch  of  West 

Geneva  Creek,  tributary  to  Geneva  Creek (Georgetown. 

Duck;  creek  in   Rio  Blanco  County,  a  left-hand  branch   of 

Bitter  Creek,  tributary  to  White  River. 

Duck;  lake  in  Clear  Creek  County;  altitude,  11,070  feet Georgetown. 

Dudley;  village  in  Park  County ix^adville. 

Duffields;  station  in  El  Paso  County  on  Colorado  S[»ring8  and 

Cripple  Creek  District  Railway;  altitude,  9,295  feet. 
Dumont;  post  village  in  Clear  Creek  County  on  Colorado  an<l 

Southern  Railway;  altitude,  7,939  feet. 

Dump;  mountain  in  Huerfano  County Huerfano  Park. 

Duncan;  post  village  in  Las  Animas  County. 

Duncan;  station  in  Delta  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  4,880  feet. 
Duncan;  village  in  Saguache  County. 
Duncana;  village  in  Boulder  County. 
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I>iuidee;  station  in  Pueblo  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  4,700  feet. 

I>une;  station  in  Saguache  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  7,549  feet. 

Dunkley;  post  village  in  Routt  County. 

Dunton;  post  village  in  Dolores  County. 

Dupont;  station  on  Union  Pacific  Railroad;  altitude,  5,134  feet 

Durango;  county  seat  of  La  Plata  County  on  Denver  and  Rio 
Grande  Railroad;  population  in  1900,  3,317;  altitude,  6,508 
feet Durango. 

Duyer;  gnlch  in  Gunnison  County,  tributary  to  Lake  Fork 

Gunnison  River Lake  City. 

Dwyer;  town  in  Summit  County  on  Colorado  and  Southern 
Railway. 

Dwyer;  village  in  Park  County. 

Dyer;  mountain  in  Park  County T. J.«eadville. 

Dyer;  town  in  Teller  County  on  Colorado  Springs  and  Cripple 
Creek  District  Railway. 

Dyke;  post  village  in  Archuleta  County  on  Denver  and  Rio 
Grande  Railroad. 

Eads;  post  station  in  Kiowa  County  on  Missouri  Pacific  Rail- 
way; altitude,  4,209  feet Lamar. 

Eag-alite;  village  in  Mesa  County. 

Eag-le;  county  in  the  north-central  part  of  the  State;  bounded 
on  the  north  by  Routt  and  Grand  counties,  on  the  east  by 
Summit  County,  on  the  south  by  Lake  and  Pitkin  counties, 
and  on  the  west  by  Garfield  County.  The  surface  consists 
mostly  of  high  plateaus  rising  eastward  to  Front  Range, 
whose  summit  forms  the  eastern  boundary.  Its  area  is 
1,586  wiuare  miles,  of  which  2  per  cent,  or  19,709  acres,  were . 
under  cultivation  in  1900.  The  population  in  1900  was 
3,008;  and  of  Redcliff,  the  county  seat,  256.  In  1900  the 
average  magnetic  declination  was  14**  15^  east.  The  mean 
annual  rainfall  is  about  15  inches,  and  the  mean  annual  tem- 
perature about  40**. . 

Eagle;  pass  in  La  Plata  County La  Plata. 

Eagle;  peak  in  Dolores  County;  altitude,  12,105  feet •..  Rico. 

Eagle;  post  town  in  Eagle  County  on  Denver  and  Rio  Grande 
Railroad;  population  in  1900,  124;  altitude,  6,588  feet. 

Eagle;  river  in  Eagle  County,  an  important  branch  of  Grand 
River,  heading  in  Tennessee  Pass  and  flowing  nearly  north 
and  then  west I.»ea(Jville. 

Eagle  Elnob;  summit  in  Front  Range,  Boulder  County;  alti- 
tude, 8,426  feet. 

Eagle  River;  mountains  in  Park  Range. 

Eagle  River;  peak  in  Eagle  River  Mountains,  Eagle  County; 
altitude,  12,648  feet. 

Earl;  mesa  in  I^as  Animas  County Elmoro. 

Earl;  post  village  in  Las  Animas  County  on  Atchison,  Topeka, 

and  Santa  Fe  Railway;  altitude,  5,681  feet Elmoro. 

East;  hill  in  Prowers  C<junty Albany. 

East;  mountain  in  Routt  County;  altitude,  7,588  feet. 

Bast;  river  in  Gunnison  County,  a  right-hand  branch  ol  iavm- 
nison  River. 
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East  Basin;  valley  in  San  Miguel  County Telluride. 

East  Beaver;  creek  in  El  Paso  County,  a  left-hand  branch  ofrColorado  Springn. 

Beaver  Creek,  tributary  to  Arkansas  River.  \Pikes  Peak. 

East  Bijou;  creek  in  Arapahoe  and  Adams  counties,  a  right- 
hand  branch  of  Bijou  Creek,   tributary  to  South   Platte 

River. 
East  B^ou;  creek  in  Elbert  County,  tributary  to  reservoir 

near  Agate Limon. 

East  Brush;  creek  in  Gunnison  County,  a  right-hand  branch 

of  Cascade  Creek,  tributary  to  East  River Crested  Butte. 

East  Brush;  creek  in  Gunnison  County,  a  left-hand  branch  of 

East  River,  tributary  to  Gunnison  River Crested  Butte. 

East  Canon;  creek  in  Larimer  county,  a  right-hand  branch  of 

Cache  la  Poudre  River. 
East  Carrizo;  creek  in  Baca  County,  a  left-hand   branch   of 

Carrizo  Creek,  tributary  to  Cimarron  River Mount  Carrizo. 

East  Cement;  mountain  in  Elk  Mountains,  Gunnison  County; 

altitude,  12,047  feet Crested  Butte. 

East  Cherry;  creek  in  Douglas  County,  a  right-hand  branch 

of  Cherry  Creek,  tributary  to  South  Platte  River Castle  Rock. 

East  Dale;  post  village  in  Costilla  County. 

East  Dolores;  river  in  Dolores  County,  right-hand  branch  of /Telluride. 

Dolores  River.  1  Rico. 

East  Eighteenmile;  creek  in   Fremont  County,  a  left-hand 

branch  of  Eighteenmile  Creek,  tributary  to  Arkansas  River.  Pikes  Peak. 
East  Fork;  in  Gunnison  County,  a  right-hand  branch  of  Bhie 

Creek,  tributary  to  Gunnison  River Lake  City. 

East  Fork;  in  Gunnison  County,  a  right-hand  branch  of  Lit-  * 

tie  Cimarron  Creek,  tributary  to  Gunnison  River I^ke  City. 

East  Fork;  in  Eagle  County,  a  right-hand  branch  of  Home- 
stake  Creek,  tributary  to  Grand  River Lead vi lie. 

East  Fork;  in  La  Plata  County,  a  left-hand  branch  of  Hermosa 

Creek,  tributary  to  Animas  River P^ngineer  Mountain. 

East  Fork  Arkansas;  in  Lake  Coimty,  a  left-hand  branch  of 

Arkansas  River I^^idville. 

East  Fork  Eag^le;  in  Eagle  County,  a  right-hand  branch  of 

E^gle  River I^adville. 

East  Geneva;  creek  in  Park  County,  a  right-hand  branch  of 

Geneva  Creek,  tributary  to  South  Platte  River (ieorgetown. 

East  Hovenweep;  creek  in  Montezuma  County,  a  right-hand 

branch  of  Hovenweep  Creek,  tributary  to  San  Juan  River. 

East  Leadville;  village  in  Park  County Lead ville. 

East  Lost  Park;  valley  in  Park  County Platte  Canyon. 

East  Mancos;    town  in  Montezuma  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  7,908  feet. 
East  Maroon;  creek  in  Pitkin  County,  right-hand  branch  of 

Maroon  Creek,  tributary  to  Roaring  Fork Aspen. 

East  Milligan;  canyon  in  Las  Animas  County,  tributary  to 

Purgatory  River S])ani.sh  PeaKs.    . 

ilast  Oil;  creek  in  Teller  County,  a  left-hand  branch  of  Oil 

Creek,  tributary  to  Arkansas  River Pikes  Peak. 

SaatonvUle;  post  village  in  El  Paso  County  on  Colorado  and 

Southern  Railway;  altitude,  7,219  ieel Castle  Rock. 
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Bast  Paradox;  creek  in  Montrose  County,  a  right-hand  branch 

of  Dolores  River. 
East  River;  pass  in  Gunnison  County;  altitude,  11,163  feet. 
East  River;  town  in  Gunnison  County  on  Denver  and  Rio 
Grande  Railroad. 

flAmon, 
East  Bush;  creek  in  Lincoln  County,  a  left-hand  branch  ^Mgani)Qm 
Rush  Creek,  tributary  to  Arkansas  River.  j  a  ^-q^q 

East  Salt;  creek  in  Garfield  and  Mesa  counties,  a  right-hand 
branch  of  Grand  River. 

East  Sheep;  mountain  in  Summit  County rTenmile  District Spe- 

I  oial. 

East  Silver;  mesa  in  La  Plata  County Needle  Mountains. 

East  Spanish;  peak  on  boundary  lietween  Huerfano  and  Las 

Animas  counties;  altitude,  12,708  feet Spanish  Peaks. 

East  Troublesome;  creek  in  Grand  County,  a  right-hand 
branch  of  Grand  River. 

East  Turkey;  creek  in  El  Paso  County,  a  right-hand  branch 

of  Turkey  Creek,  tributary  to  Arkansas  River Colorado  Springs. 

Eaton;  creek  in  Hinsdale  County,  a  right-hand  branch  of  Lake 

Fork  Gunnison  River Lake  City. 

Eaton;  post  town  in  Weld  County  on  Union  Pacific  Railroad; 
population  in  1900,  384;  altitude,  4,830  feet. 

Ebert;  station  in  Arapahoe  County  on  Colorado  Eastern  Rail- 
way. 

Echo;  creek  in  Montezuma  County,  a  left-hand  branch  of  West 

Mancos  River La  Plata. 

Echo;  lake  in  Clear  Creek  County Georgetown. 

Echo;  mountain  in  San  Juan  Mountains,  La  Plata  County;  alti- 
tude, 13,305  feet Needle  Mountains. 

Echo;  station  in  Fremont  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  6,069  feet. 

Eckert;  post  village  in  Delta  County. 

Bckley;  post  village  in  Yuma  County  on  Burlington  and  Mis- 
souri River  Railroad;  altitude,  3,890  feet. 

Eclipse;  gulch  in  Clear  Creek  County,  tributary  to  Chicago 

Creek Geoi^getown. 

Eclipse;  station  in  Teller  Ctnmty  on  the  Colorado  Springs  and 
Cripple  Creek  District,  the  Florence  and  Cripple  Creek, 
and  the  Midland  Terminal  railways;  altitude,  9,668  feet. 

Eddy;  post  village  in  Routt  County;  altitude,  7,906  feet. 

Eden;  post  village  in  Pueblo  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  4,870  feet.  Railroad  name, 
Bragdon Pueblo. 

Edgerton;  station  in    El  Paso  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,405  feet Colorado  Springs. 

Edgewater;  post  village  in  Jefferson  County. 

Edith;  gulch  in  San  Juan  County,  tributary  to  Animas  River  . .  Silverton. 

Edith;  lake  in  Clear  Creek  County;  altitude,  10,117  feet Georgetown. 

Edith;  mountain  in  Hinsdale  County Silverton. 

Edith;  village  in  Archuleta  County  on  Union  Pacific  Rail- 
road; population  in  1900,  282, 
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Edlowe;  station  in  Teller  County  on  Colorado  Midland  Rail- 
way; altitude,  8,908  feet. 

Edson;  arroyo  in  Pueblo  County,  a  right-hand  branch  of  St. 

Charles  River Pueblo. 

Edwards;  post  village  in  Eagle  County.  Railroad  name, 
Allentown. 

Bgeria;  creek  in  Routt  County,  a  right-hand  branch  of  Grand 
River. 

Egeria;  village  in  Routt  County. 

Bgeria  Park;  valley  in  Routt  County. 

Eggleston;  lake  in  Delta  County. 

Eighteenxnile;  creek  in  Fremont  County,  a  left-hand  branch  fPikes  Peak, 
of  Arkansas  River.  ICanyon  City. 

Bightmile  Park;  valley  in  Fremont  County Pikes  Peak. 

Eiler;  station  in  Lake  County  on  Denver  and  Rio  (xrande  Rail- 
road; altitude,  9,840  feet. 

Eiler  Junction;  station  in  Pueblo  County  on  Denver  and  Rio 
Grande  Railroad. 

Elbert;  county  in  the  eastern  part  of  the  State;  bounded  on  the 
north  by  Arapahoe  County,  on  the  east  by  Lincoln  County, 
on  the  south  by  £1  Paso  and  Lincoln  counties,  and  on  the 
west  by  Douglas  County.  The  surface  consists  of  rolling 
plains,  traversed  by  three  railroads — the  Colorado  and 
Southern,  the  Chicago,  Rock  Island  and  Pacific,  and  the 
Union  Pacific.  The  area  is  1,852  square  miles,  of  which  3 
per  cent,  or  40,460  acres,  were  under  cultivation  in  1900. 
The  population  in  1900  was  3,101,  and  of  Kiowa,  the  county 
seat,  116.  In  1900  the  average  magnetic  declination  was 
12®  40^  east.  The  mean  annual  rainfall  ia  about  17  inches, 
and  the  mean  annual  temperature  50°  to  55°. 

Elbert;  creek  in  Lake  County,  a  right-hand  branch  of  Half 

Moon  Creek,  tributary  to  Arkansas  River l^adville. 

Elbert;  creek  in  I^  Plata  County,  a  left-hand  branch  of  Her- 

mosa  Creek Engineer  Mountain. 

Elbert;  post  village  in  Elbert  County  on  Colorado  and  South- 
em  Railway;  altitute,  6,711  feet Castle  Rock. 

Elbert,  Mount;  in  Sa watch  Range,  l^ke  County;  altitude, 
14,421  feet. 

Elbow;  canyon  in  Eagle  County,  tributary  to  P^agle  River. 

Elco;  post  village  in  La  Plata  County. 

Elder;  creek  in  San  Miguel  County,  a  right-hand  branch  of  San 

Miguel  River Telluride. 

Eldora;  post  town  in  Boulder  County ;  {Kipuiation  in  1900,  .S9o.  • 

Eldred;  post  village  in  Fremont  County Pikes  Peak. 

Eldredge;  station  in  Ouray  County  on  Denver  and  RioOrande 
Railroad;  altitude,  6,532  feet. 

Electric;  peak  in  Sangre  de  Cristo  Range,  Custer  ( -onnty;  alti- 
tude, 13,699  feet. 

Electric;  peak  in  San  Juan  Mountains,  San  Juan  County Needle  Mountams. 

Elevenmile;  canyon  in  Park  County,  tributary  to  South  Platte 

River Pikes  Peak. 

Elizabeth;  post  town  in  Elbert  Ojunty  on  Colorado  an<i  South- 
ern Railway;  population  in  1900,  215;  altitude,  6,446  feet.  Castle  Rock. 


GAZETTEER  OF  COLORADO.  65 

Atlas  sheet. 

SI  Jebel;  station  in  Ciarfield  County  on  Colorado  Midland  Rail- 
way; altitade,  6,483  feet. 

Elk;  creek  in  Conejos  County,  a  right-liand  branch  of  Rio 
Conejos. 

Elk;  creek  in  Eagle  C/Ounty,  a  right-hand   branch   of   I'^gle 

River Leadville. 

Elk;  creek  in  Garfield  County,  a  right-hand  branch  of  Grand 
River,  originating  in  East,  West,  and  Middle  forks. 

Elk;  creek  in  Grand  County,  a  left-hand  branch  of  Frazer 
River,  tributary  to  Grand  River. 

Elk;  creek  in  Gunnison  County,  a  right-hand  branch  of  (lun- 
nison  River. 

Elk;  creek  in  Gunnison  and  Hillsdale  counties,  a  left-hand 

branch  of  I>ake  Fork  Gunnison  River I>ake  City. 

Elk;  creek  in  Jefferson  County,  a  left-hand  branch  of  Clear 

Creek,  tributary  to  South  Platte  River Blackhawk. 

Elk;  creek  in  La  Plata  County,  a  left-hand  branch  of  Junction 

Creek,  tributary  to  Animas  River Durango. 

Elk;  creek  in  Park  County,  a  left-hand  branch  of  iSouth  Platte 

River Georgetown. 

Elk;  creek  in  Park  and  Jefferson  counties,  a  left-hand  branch 

of  North  Fork  South  Platte  River Platte  Canyon. 

Elk;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of  White 
River;  disi!hargo  near  Trull,  May  2  to  October  31,  1904, 
293,600  acre-feet. 

Elk;  creek  in  San  Juan  County,  a  left-hand  branch  of  Animas 

River Needle  Mountains. 

Elk;  mountain  in  Grand  County;  altitude,  11,494  feet. 

Blk;  mountain  on  boundary  between  E^le  and  Summit  coun- 
ties; altitude,  12,718  feet I>»adville. 

Elk;  irregular  group  of  mountains  wef«t  of  Sawati^h  Range,  be- 
tween Grand  and  Gunnis<m  rivers;  many  of  its  (>eaks 
exceed  13,000  feet,  and  a  few  exce€<i  14,000  feet.  The 
range  is  in  part  composed  of  sandstone  and  eruptive  nn^ks. 

Elk;  river  in  Routt  County,  a  right-hand  branch  of  Bear  River, 
tributary  to  Yam  pa  River. 

Blk  Basin;  valley  in  Gunniwm  ('ounty Anthracite. 

Elk  Creek;  station  in  Jefferson  County  on  C>>lorado  Midland 
Railway. 

Elk  Creek;  station  on  Colorado  and  Southern  liailway;  alti- 
tude, 6,536  feet. 

Elk  Head;  creek  in  Routt  County,  a  right-hand  branch  of 
Bear  River. 

Elk  Head;  mountains  in  Routt  County. 

Elkhom;  creek  in  Routt  and  Rio  Blanco  counties,  a  left-hand 
branch  of  Mill  Creek,  tributary  to  Yampa  River. 

Elkhom;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Blackhawk. 

Blkhom;  post  village  in  Larimer  County. 

Elko;  station  in  Saguaclie  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  8,278  feet. 

Elko;  village  in  Gunninon  County. 

BuU.  291—06 5 
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Elk  Park;  station  in  San  Juan  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,868  feet Needle  Mountains. 

Elkton;  poet  village  in  Teller  County,  on  the  Florence  and 
Cripple  Creek,  the  Colorado  Midland,  and  the  Midland 
Terminal  railroads;  altitude,  9,693  feet Pikes  Peak. 

Elkton;  village  in  Gunnison  County Anthracite, 

Ellicott;  post  village  in  El  Paso  County. 

Elliott;  mountain  in  San  Juan  Mountains,  Dolores  County; 

altitude,  12,337  feet Rico. 

Ellis;  mountain  in  San  Juan  Mountains,  Dolores  County;  alti- 
tude, 12,516  feet 

Elxnoro;  post  village  in  IjOB  Animas  County,  on  the  Denver 
and  Rio  Grande,  and  the  Atchison,  Topeka  and  Santa  Fe 
railroads;  altitude,  5,841  feet Klmoro. 

El  Paso;  county  in  tlie  east-central  part  of  the  State;  bounded 
on  the  north  by  Douglas  and  Elbert  counties,  on  the  east  by 
Elbert  and  Lincoln  counties,  on  the  south  by  Pueblo  County, 
and  on  the  west  by  Teller  and  Fremont  counties.  The  surface 
consists  of  rolling  plains,  traversed  by  railroads  in  the  west- 
ern part,  but  the  eastern  part  is  sparsely  settled.  The  area 
is  2,134  square  miles,  of  which  4  per  cent,  or  62,408  acres, 
were  under  cultivation  in  1900.  The  population  in  1900 
was  31,602,  and  of  Colorado  Springs,  the  county  seat,  21,085. 
In  1900  the  average  magnetic  declination  was  13°  20^  east. 
The  mean  annual  rainfall  is  about  15  inches,  and  the  mean 
annual  temperature  45°  to  50°. 

El  Paso;  creek  in  Hinsdale  County,  a  left-hand  branch  of  Hen- 
son  Creek,  tributary  to  Lake  Fork  Gunnison  River l^ke  City. 

El  Paso;  town  in  El  Paso  County. 

Ells;  creek  in  Logan  County,  a  left-hand  branch  of  Horsetail 
Creek,  tributary  to  South  Platte  River. 

Elsxnere;  town  in  El  Paso  County  on  Chictago,  Rock  Island, 
and  Pacific  Railway;  altitude,  6,410  feet. 

Elston;  mountain  in  Dolores  County. 

Elwood;  village  in  Rio  Grande  County;  altitude,  11,654  feet. 

Elyria;  village  in  Denver  County;  population  in  1900,  1,384. 
Railroad  name,  Pullman. 

Exnancipation;  hill  in  Boulder  County;  altitude,  7,346  feet..   Boulder. 

Embargo;  creek  in  Rio  Grande  County,  a  left-hand  branch  of 
Rio  Grande. 

Embargo;  post  village  in  Saguache  County. 

Emerald;  lake  in  La  Plata  County;  altitude,  11,270  feet Needle  Mountains. 

Emerson;  village  in  Phillips  County. 

Emerson,  Mount;  in  San  Juan  Momitains,  La  Plata  County; 

altitude,  13,147  feet Needle  Mountains. 

Emery;  peak  in  San  Juan  County Silverton. 

Emery;  village  in  La  Plata  County Durango. 

Emma;  post  village  in  Pitkin  County;  altitude,  6,600  feet. 

Emmons,  Mount;  in  Elk  Mountains,  Gunni.son  County;  alti- 
tude, 12,414  feet Anthracite. 

Empire;  gulch  in  Lake  County,  tributary  to  Arkansas  River. .  I^eadville. 

Empire;  hill  in  I^ke  County l^adville. 
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Empire;  poet  village  in  Clear  Creek  County  on  Colorado  and 
Southern  Railway;  altitude,  8,260  feet. 

Empire;  town  in  Teller  County  on  Florence  and  Cripple  Creek 
Railroad;  jwpulation  in  1900,  276. 

Endlich;  mesa  in  La  Plata  County Needle  Mountains. 

Eng^lmann;  canyon  of  Ruxton  Creek,  above  Manitou,  £1 

Paso  County,  tributary  to  Fountain  Creek Colorado  Springs. 

Engineer;  mountain  in  San  Jiian  Mountains  on  boundary  be- 
tween Ouray,  Hinsdale,  and  San  Juan  counties;  altitude, 
13,190  feet Silverton. 

Bng^ineer;  mountain  in  San  Juan  Mountains,  San  Juan  ( -ounty; 

altitude,  12,962  feet Engineer  Mountain. 

Engle;  post  village  in  I^as  Animas  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,581  feet.  Railroad  name, 
Engleville. 

Engleville  Junction;  station  in  I^as  Animas  County  on  Den- 
ver and  Rio  Grande  Railroad;  altitude,  5,868  feet. 

Englewood;  poet  village  in  Arapaboe  County. 

English;  spring  in  Pueblo  County Apishapa. 

English;  station  in  Fremont  County  on  Denver  and  Rio  Grande 
Railroad. 

English  Gulch;  station  in  Lake  County  on  Denver  and  Rio 
Grande  Railroad. 

Enos;  village  in  Las  Animas  County. 

Enterprise;  station  in  Dolores  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  9,223  feet. 

Eolus,  Mount;  in  San  Juan  Mountains,  La  Plata  County;  alti- 
tude, 14,079  feet Needle  Mountains. 

Erdman;  lake  in  Pueblo  County Nepesta. 

Erie;  lake  in  Boulder  County Niwot. 

Erie;  post  town  in  Weld  County,  on  the  Burlington  and  Mis- 
souri River  and  the  Union  Pacific  railroads;  population  m 
1900,697;  altitude,  5,029  feet Niwot 

Escalante;  river  in  Montrose  and  Mesa  cxjunties,  a  left-hand 
branch  of  Gunnison  River. 

Escalante;  hill  in  Routt  County. 

Escalante;  hills  in  Rio  Blanco  County. 

Escalante;  station  in  Delta  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  4,835  feet. 

Escalante;  village  in  Routt  County. 

Espinoza;  post  village  in  Conejos  County. 

Estabrook;   post  village  in   Park  County  on    Colorado  and 

Southern  Railway ;  altitude,  7,558  feet Platte  Canyon. 

Estes  Cone;  summit  in  Larimer  County;  altitude,  10,705  feet, 

Estes  Park;  mountain  valley  with  an  altitude  of  7,000  feet, 
near  the  north  base  of  Longs  Peak. 

Estes  Park;  post  village  in  I^rimer  County;  altitude,  6,810 
feet. 

Ethel;  creek  in  Clear  Creek  County,  a  left-hand  branch  of 

Vance  Creek,  tributary  to  South  Platte  River Georgetown. 

Ethel;  peak  in  Larimer  County;  altitude,  11,976  feet. 

Euclid,  gulch  in  La  Plata  County,  tributary  to  La  Plata  River.  La  Plata. 
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Eula;  village  in  Routt  County. 

Eureka;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Central  City  Special. 

Eureka;  gulch    in  San  Juan  County,   tributary  to   AnimaH 

River Silverton. 

Eureka;  hill  in  Cheyenne  County Kit  Carson. 

Eureka;  mountain  in  San  Juan  County Silverton. 

Eureka;  post  village  in  San  Juan  County  on  Silverton  North- 
ern Railroad;  population  in  1900,  39 Silverton. 

Evans;  gulch  in  Lake  County,  tributary  to  East  Fork  Arkan- 
sas River Leadville. 

Evans;  post  village  in  Weld  County  on  Union  Pacific  Rail- 
road; altitude,  4,662  feet Greeley. 

Evans;  town  in  Lake  County  on  Denver  and  Rio  Grande 
Railroad;  population  in  1900,  400;  altitude,  10,043  feet. 

Evans  Basin;  valley  in  Gunnison  County Anthrac-ite. 

Evans,  Mount;  in  Clear  Creek  County;  altitude,  14,321  feet..  Geoi^etown. 

Evans,  Mount;  in  Park  Range,  Park  County;  altitude,  13,590 

feet Leadville. 

Everett;  village  in  Lake  County Leadville. 

Evergrreen;  lakes  in  Lake  County Leadville. 

Evergreen;  post  village  in  Jefferson  County. 

Eversman;  station  in  Boulder  County  on  Burlington  and  Mis- 
souri River  Railroad;  altitude,  5,204  feet. 

Excelsior;  station  in  Summit  County  on  Denver  and  Rio 
Grande  Railroad. 

Expectation;    mountain    in    San   Juan    Mountains,   Dolores 

County ;  altitude,  12,0(>r)  feet Rico. 

Express;  creek  in  Pitkin  County,  a  right-hand  branch  of  C'as- 

tle  Creek,  tributary  to  Roaring  Fork Aspen. 

Fair  Grounds;  town  in  Las  Animas  County. 

Fairmount;  post  village  in  Otero  County. 

Fairplay;  county  seat  of  Park  County  on  Colorado  and  South- 
ern Railway;  population  in  1900,  319;  altitude,  9,896  feet. 

Fairview;  gulch  in  San  Juan  County,  tributary  to  Cement 

Creek Silverton. 

Fairview;  mountain  in  Gunnison  County. 

Fairview;  peak  in  Boulder  County;  altitude,  8,561  feet Boulder. 

Fairview;  station  in  VA  Paso  County  on  Colorado  Springs  and 
Cripple  Creek  District  Railway;  altitude,  7,913  feet. 

Fairview;  station  in  Montrose  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,157  feet. 

Falcon;  post  village  in  El  Paso  County,  on  the  Colorado  and 
Southern  and  the  Chicago,  Rock  Island  and  Pacific  rail- 
ways; altitude,  6,833  feet Colorado  Springs. 

Fall;  creek  in  Gunnison  County,  a  left-hand  branch  of  Blue 

Creek,  tributary  to  Gunnison  River Lake  City. 

Fall;  gulch  in  La  Plata  County,  tributary  to  J>a  Plata  River. . .  La  Plata. 

Fall;  river  in  Clear  Creek  County,  a  left-hand  branch  of  Clear  f Idaho  Springs  Spe- 
Creek.  I    cial. 

Fall;  river  in  Larimer  Comity,  a  left-hand  branch  of  Thomp- 
son Creek. 
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Fall  Creek;  station  in  San  Miguel  CcMinty  on  Denver  and 

Rio  Grande  Railroad,  altitude,  7,474  feet. 
Fall  River;  station  in  Clear  Creek  County  on  Colorado  and 

Southern  Railway;  altitude,  7,679  feet. 
Falls;  creek  in  La  Plata  County,  tributary  to  Animas  River. . .  Durango. 
Farmers;  station  in  Garfield  County   on    Denver   and    Rio 

Grande  Railroad. 
Farmers  Spur;   village  in  Weld  County  on    Colorado  and 

Southern  Railway Greeley. 

Famham  Spur;  town  in  Summit  County  on  Colorado  and 

Southern  Railway;  altitude,  11,246  teet. 
Famum,  summit  in  Park  County;  altitude,  11,400  feet. 
Fassbinder;  gulch  in  I^  Plata  County,  tributary  to  Flagler 

Fork Durango. 

Fawn;  creek*  in  Rio  Blanco  County,  a  left-hand  branch  of 

Piceance  Creek,  tributary  to  White  River. 
Felch;  creek  in  Fremont  County,  a  left-hand  branch  of  Oil 

Creek,  tributary  to  Arkansas  River Pikes  Peak. 

Fergus;  station  in  Kiowa  County  on  Missouri  Pacific  Railway; 

altitude,  4,340  feet Lamar. 

Femdale;  station  in  Jefferson  County  on  Colorado  and  South- 
em  Railw^ay. 
Femleaf;  station  in  Fremont  Coimty  on  Denver  and  Rio  Grande 

Railroad;  altitude,  6,297  feet. 
Findley;   creek  in  Hinsdale  County,  a  left-hand  branch  of 

Henson  Creek,  tributary  to  Lake  Fork  Gmmison  River  . . .  Lake  City. 
Fing^er;  mesa  on  the  north  of  Rio  Grande,  with  a  maximum 

altitude  of  12,000  feet,  sloping  westward  to  Antelope  Park. 
First;  creek  in  Adams  County,  a  right-hand  branch  of  South 

Platte  River Denver. 

First  View;  station  in  Cheyenne  County  on  Union  Pacific! 

Railroad;  altitude,  4,588  feet Kit  Carson. 

Fish;  creek  in  Dolores  County,  a  right-hand  branch  of  West 

Dolores  River,  tributary  to  Dolores  River Rico. 

Fish;  creek  in  Larimer  County,  a  right-hand  branch  of  Yampa 

River. 
Fish;  creek  in  Larimer  County,  a  left-hand  branch  of  Cache  la 

Poudre  River. 
Fish;  creek  in  Larimer  County,  a  right-hand  branch  of  Thomp- 
son Creek,  tributary  to  South  Platte  River. 
Fish;  creek  in  Park  County,  a  left-hand  branch  of  Twin  Creek, 

inlet  of  Lake  George Pikes  Peak. 

Fish;  creek  in  Routt  County,  a  left-hand  branch  of  Bear  River, 

tributary  to  Yampa  River. 
Fisher;   peak   near  Trinidad,  Las  Animas  County;  altitude, 

9,586  feet Klmoro. 

Fisher;  post  village  in  Pueblo  County. 

Fisher;  station  in  Chaffee  County  on  Colorado  and  Southern 

Railway;  altitude,  9,257  feet. 
Fishers;  creek  in  Montezuma  County,  a  right-hand  branch  of 

Aztec  Spring  Creek,  tributary  to  Rio  Mancos. 
Fishers  MUl;  station  in  San  Juan  County  on  Silverton,  Glad- 

■toiM  and  Northerly  Railroad. 
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Flag;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of  White 
^        River. 
Flagler;  post  village  in  Kit  Carson  County,  on  Chicago,  Rock 

Island  and  Pacific  Railway;  altitude,  4,924  feet. 
Flagler  Fork;  in  La  Plata  County,  a  left-hand  branch  of  Junc- 
tion Creek,  tributary  to  Animas  River Durango. 

Flattop;  summit  in  Dolores  County;  altitude,  12,096  feet Engineer  Mountain. 

Fleming;  station  in  Denver  County  on  Denver  and  Rio  Grande 

Railroad. 
Fleming;  post  village  in  Logan  County  on  Burlington  and 

Missouri  River  Railroad;  altitude,  4,235  feet. 

Fletcher;  mountain  in  Summit  County I^ea^l ville. 

Fletcher;  town  in  Arapahoe  County;  population  in  1900,  202. 

Flirtation;  peak  in  Clear  Creek  County;  altitude,  8,278  feet..  Georgetown. 

Flora;  peak  in  Front  Range;  altitude,  12,878  feet. 

Flora;  village  in  Sedgwick  County. 

Florence;  city  in  Fremont  County,  on  the  Denver  and  Rio 

Grande,  the  Atchison,  Topeka  and  Santa  Fe,  and  the  Flor- 
ence and  Cripple  Creek  District  railways;  population  in 

1900,  3,728;  altitude,  5,187  feet .' Canyon  a ty. 

Florence    and    Cripple   Creek  Railroad;   line    connecting 

Florence  and  Cripple  Creek,  a  distance  of  40  miles. 
Floresta;  post  village  in  Gunnison  County  on  Denver  and  Rio 

Grande  Railroad;    altitude,   9,850  feet.     Railroad  name. 

Ruby. 
Floresta  Junction;  station  in  Gunnison  County  on  Denver 

and  Rio  Grande  Railroad;  altitude,  8,883  feet. 
Florida;  mountain  in  San  Juan  Mountains,  La  Plata  County; 

altitude,  13,076  feet Needle  Mountains. 

Florida;  river  in  La  Plata  County,  a  left-hand  branch  of  Riof Needle  Mountains. 

Grande.  iDurango. 

Florida;  station  in  La  Plata  County  on  Denver  and  Rio  (irande 

Railroad;  altitude,  6,705  feet. 
Florida  Mesa;  station  in  La  Plata  County  on  Denver  and  Rio 

Grande  Railroad Durango. 

Florissant;  post  village  in  Teller  County  on  (blorado  Midland 

Railway;  population  in  1900,  131;  altitude,  8,178  feet Pikes  Peiik. 

Flour  Mill;  station  in  Garfield  County  on  Denver  and  Rio 

Grande  Railroad. 
Floyd  Hill;  station  in  Clear  Creek  County  on  Colorado  and 

Southern  Railway;  altitude,  7,216  feet Blackhawk. 

Fly  by  Night;  gulch  in  La  Plata  C-ounty,  tributary  to  La  Plata 

River 1^  Plata. 

Foin;  gulch  in  La  Plata  (bounty,  tributary  to  Junction  Creek..  Durango. 

Fondis;  post  village  in  Elbert  County. 

Foot  Log;  station  in  San  Miguel  County  on  Denver  and  Rio 

Grande  Railroad. 
Forbes;   post  village  in  Las  Animas  County  on  Denver  and 

Rio  Grande  Railroad Spanish  Peaks. 

Forbes  Junction;  station  in  Las  Animas  County  on  Colorado 

and  Southern  Railway;  altitude,  6,193  feet Spanish  Peaks. 

JForder;  post  village  in  Lincoln  County. 
JForkm;  village  in  Larimer  County. 
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Forks  Creek;  post  village  in  Jefferson  County  on  Colorado 

and  Southern  Railway ;  altitude,  6,893  feet Blackhawk. 

Formby;  town  in  Dolores  County. 

Formby;  town  in  Montezuma  County. 

Fort  Collins;  county  seat  of  Larimer  County  on  Colorado  and 

Southern  Railway;  population  in  1900,  3,053;  altitude,  4,984 

feet. 
Fort  Garland;  post  village  in  Costilla  County;  altitude,  7,996 

feet. 
Fortification;  creek  in  Routt  County,  a  right-hand  branch  of 

Bear  River. 
Fortification;  village  in  Routt  County. 
Fort  Lewis;  station  in  La  Plata  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,870  feet. 
Fort  Logan;  post  village  in  Arapahoe  County  on  the  Colorado 

and  Southern  and  the  Denver  and  Rio  Grande  railroads  ..  Denver. 
Fort  Morgan;  post  town  and  county  seat  of  Morgan  County, 

on  the  Burlington  and  Missouri  River  and  the  Union  Pacific 

railroads;  population  in  1900,  634;  altitude,  4,338  feet. 
Fort  Pagosa;  springs  in  Archuleta  County. 
Fossil;  creek  in  Larimer  and  Weld  counties,  right-hand  branch 

of  Cache  la  Poudre  River,  tributary  to  South  Platte  River.  Greeley. 
Fossil;  peak  in  Gunnison  County. 
Fossil  Creek;   station   in   I>arimer  County  on  Colorado  and 

Southern  Railway;  altitude,  5,110  feet. 
Fossil;  ridge,  west  of  Sawatch  Range,  between  Gunnison  River 

and  Tomichi  Creek.     The  summits  slightly  exceed  12,000 

feet. 
Fountain;    creek  in   Pueblo  County,  a   left-hand   branch  offPueblo. 

Arkansas  River.  IColorado  Springs. 

Fountain;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Blackhawk. 

Fountain;  post  village  in  El  Paso  County,  on  the  Chicago, 

Rot'k  Island  and  Pacific,  the  Atchison,  Topekaand  Santa  Fe, 

the  Colorado   and  Southern,   and   the  Denver  and   Rio 

Grande  railroads;  altitude,  5,56^}  feet Colorado  Springs. 

Fourmile;  creek  in  Rio  Blanco  County,  a  right-hand  branch 

of  White  River. 
Fourmile;  creek  in  Routt  County,  a  left-hand  branch  of  Little 

Snake  River. 
Fourmile;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Blackhawk. 

Fourmile;  village  in  Routt  (/ounty. 

Fourteenmile;  creek  in   Rio  Blanco  County,   a  right-hand 

branch  of  Piceance  Creek,  tributary  to  White  River. 
Fourth  of  July;   creek  in  Gunnison  County,   a  right-hand 

branch  of  Lake  Fork  Gunnison  River Lake  City. 

Fowler;  mesa  in  Las  Animas  County;  altitude,  6,075  feet Mount  Carrizo. 

Fowler;  post  village  in  Otero  County  on  Atchison,  Topeka 

and  Santa  Fe  Railway;  altitude,  4,330  feet Nepesta. 

Fox;  creek  in  Eagle  County,  a  right-hand  branch  of  Turkey 

Creek,  tributary  to  Arkansas  River. 
Fox;  post  village  in  Yuma  County. 
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Frances;  post  village  in  Boulder  CJounty  on  Colorado  and 
Northwestern  Kail  road. 

Franceville;  station  in  El   Paso  County  on  Colorado  and 

Southern  Railway Colorado  Springs. 

Franceville  Junction;  station  in  El  Paso  County  on  Colorado 

and  Southern  Railway;  altitude,  5,862  feet Colorado  Springs. 

Francisco;  station  in  Huerfano  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,468  feet. 

Franklin;  station  in  I^s  Animas  County  on  Colorado  and 
Southern  Railway;  altitude,  6,272  feet. 

Franklin  Junction;  station  in  La  Plata  County  on  Denver 
and  Rio  Grande  Railroad;  altitude,  6,788  feet. 

Frank  Prince;  lake  in  Boulder  County Niwot 

Frank  Spur;  station  on  Denver  and  Rio  Grande  Railroad;  alti- 
tude, 7,208  feet. 

Franktown;  post  village  in  Douglas  County , Castle  Rock. 

Fraser;  post  village  in  Grand  County. 

Frazer;  river  in  Grand  County,  a  right-hand  branch  of  Grand    # 
River. 

Fred  Rohr;  gulch  in  Pueblo  County,  tributary  to  Arkansas 

River Pueblo. 

Fredonia;  village  in  Bent  County. 

Freedom;  post  village  in  Conejos  County. 

Freeland;  post  village  in  Clear  Creek  County;  altitude,  8,914 

feet Georgetown. 

Freeman;  pe^ak  in  Jefferson  County;  altitude,  11,627  feet Platte  Canyon. 

Freemans  Spur;  station  in  Eagle  County  on  Colorado  Mid- 
land Railway. 

Freezeout;  creek  in  Las  Animas  County,  a  riglit-hand  branch 

of  Two  Butte  Creek,  tributary  to  Arkansas  River Mount  Carrizo. 

Fremont;  county  in  the  south  -  central  part  of  the  State; 
bounded  on  the  north  by  Park  and  Teller  countiei^,  on  the 
east  by  El  Paso  and  Pueblo  counties,  on  tlie  south  by  Cus- 
ter and  Saguache  counties,  and  on  the  west  by  Chaffee 
County;  it  is  traversed  through  the  center  by  Arkansas 
River,  most  of  the  way  in  a  deep  canyon.  The  surface  con- 
sists of  an  alternation  of  spurs  and  valleys  sloping  toward 
the  river.  The  eastern  part  contains  mu<'li  plains  country. 
The  area  is  1,478  sfjuare  miles,  of  which  2  per  cent,  or 
20,512  acres,  were  under  cultivation  in  1900.  The  popula- 
tion in  1900  was  15,636;  and  of  Canyon,  the  county  seat, 
3,775.  In  1900  the  average  magnetic  declination  was  13° 
lO'  east.  The  mean  annual  rainfall  is  alxmt  12  inches,  and 
the  mean  annual  temperature  40°  to  45°. 

Fremont;  pass  in  1-ake  County I^eadville. 

Fremont;  peak  in  Fremont  County Canyon  City. 

Fremont;  station  in  Eagle  County  on  Denver  and  Rio  Grande 
Railroad. 

Fremont  Junction;  station  in  Fremont  County  on  Denver 
and  Rio  Grande  Railroad. 

Fremont  Orchard;  village  in  Morgan  County. 

Fremont  Pass;  station  on  Denver  and  Rio  Grande  Railroad; 
altitude,  11,820  feet 
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Fremonts;  butte  in  Washington  County. 

French;  creek  in  Hinsdale  County,  a  rigtit-hand   branch  of 

Lake  Fork  Gunnison  River Lake  City. 

French;  gulch  in  Summit  County,  tributary  to  Blue  River Leadville. 

French  Gulch;  station  in  Lake  County  on  Colorado  and  South- 
em  Railway. 

Freshwater;  town  in  Park  County  on  Colorado  Midland  Rail- 
way; population  in  1900,  77;  altitude,  8,557  feet  Post- 
office,  Howbert. 

Friend;  village  in  Arapahoe  County. 

Frijole;  creek  in  Las  Animas  County,  a  right-hand  branch  of 

Purgatory  River,  tributary  to  A rkansas  River Elmoro. 

Frio;  canyon  in  Las  Animas  County,  tributary  to  Apishapa 

River Spanish  Peaks. 

Frisco;  post  village  in  Summit  County,  on  the  Denver  and 
Rio  Grande  and  the  Colorado  and  Southern  railways;  alti- 
tude, 9,071  feet. 

Front  Rang^e;  easternmost  range  of  the  Rocky  Mountains  in 
Colorado,  extending  southward  from  the  north  boundary  of 
the  State  nearly  to  the  Arkansas  River;  it  includes  many 
peaks  exceeding  14,000  feet  in  altitude.  On  the  east  it  rises 
by  long  spurs  from  the  plains. 

Frost;  village  in  Arapahoe  County. 

Frosts;  station  in  Montrose  County  on  Denver  and  Rio  Grande 
Railroad. 

Fruita;  post  town  in  Mesa  County  on  Denver  and  Rio  Grande 
Railroad;  population  in  1900,  126;  altitude,  4,500  feet. 

Fmitmere;  station  in  Fremont  County;  on  Denver  and  Rio 
Grande  Railroad. 

Fryer;  hill  in  Lake  County T..eadville. 

Frying  Pan;  creek  in  Pitkin  County,  a  right-hand  branch  of 
Roaring  Fork, 

Fue^;  station  in  Pueblo  County  on  Denver  and  Rio  Grande 
Railroad. 

Fulford;  post  village  in  Eagle  County. 

Fuller;  peak  in  San  Juan  Mountains,  on  boundary  between 

San  Miguel  and  San  Juan  counties Telluride. 

Full  Moon;  gulch  in  Ouray  County,  tributary  to  Red  Mountain 

Creek Sil  verton. 

Oabbert;  station  in  Ouray  County  on  Denver  and  Rio  Grande 
Railroad. 

Gaff;  village  in  Kit  Carson  County. 

Gaines;  gulch  in  1^  Plata  County,  tributary  to  Flagler  Fork..  Durango 

Galatea;  post  village  in  Kiowa  County  on  Missouri  Pacific 

Railway;  altitude,  4,369  feet Arroyo 

Galbeth;  creek  in  Pueblo  County,  a  right-hand  branch  of  Rock 

Creek,  tributary  to  Arkansas  River Pueblo 

GWena;  mountain  in  Elk  Mountains,  Gunnison  County;  alti- 
tude, 13,290  feet. 

Galena;  mountain  in  San  Juan  Mountains,  San  Juan  County  .  Silverton. 

Galena  Lion;  gulch  in  Ouray  County,  tributary  to  Red  Moun- 
tain Creek Silverton. 
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Galien;  station  in  Logan  County  on  Burlington  and  MisHouri 
River  Railroad;  altitude,  4,173  feet. 

Oallaerher;  station  in  Dolores  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  9,868  teet. 

Gallinas;    canyon    in  Baca  County,   tributary   to  Cimarron 

River Springfield. 

Game;  creek  in  Eagle  County,  a  right-hand  branch  of  Turkey 
Creek,  tributary  to  Arkansas  River. 

Gaxm;  station  in  Douglas  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway. 

Garcia;  station  in  Las  Animas  County  on  Colorado  and  South- 
em  Railway. 

Garden  of  the  Gods;  station  in  small  valley  of  the  same  name 
in  El  Paso  County  on  Denver  and  Rio  Grande  Railroad, 
north  of  Colorado  Springs;  altitude,  6,217  feet Colorado  Springs. 

Garden  Park;  valley  in  Fremont  County Pikes  Peak. 

Gardens;  station  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,578  feet. 

Gardner;  post  village  in  Huerfano  County;  altitude,  7,000  fe<H.  Huerfano  Park. 

Garfield;  county  in  the  northwestern  part  of  the  State;  bounded 
on  the  north  by  Rio  Blanco  County,  on  the  east  by  Routt 
and  Eagle  counties,  on  the  south  by  Mesa  and  IMtkin  coun- 
ties, and  on  the  west  by  Utah.  Its  surface  is  traversed  by 
Grand  River  and  consists  of  plateaus,  which  in  the  north 
and  south  are  at  great  altitudes,  gra<lually  sloping  to  the 
valley  of  Grand  River.  Its  area  is  3,049  sfjuare  miles,  of 
which  nearly  2  per  cent,  or  29,002  acren,  were  under  culti- 
vation in  1900.  The  population  in  1900  was  5,835,  and  of 
Glenwood  Springs,  the  county  seat,  1,1^50.  In  1900  the 
average  magnetic  declination  was  for  the  eastern  part  14° 
50^  east,  and  for  the  western  part  15°  00'  east.  The  mean 
annual  rainfall  is  about  II  inches,  and  the  mean  annual 
temperature  45°  to  50°. 

Garfield;  creek  in  (larfield  County,  a  left-hand  branch  of  Grand 
River. 

Garfield;  peak  in  Elk  Mountains,  Gunnison  County;  altitude, 

12,136  feet Anthracite. 

Garfield;  station  in  Chaffee  County  on  Denver  and  Rio  (4rande 
Railroad;  altitude,  9,500  feet. 

Garfield,  Mount;  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13,065  feet Needle  Mountains. 

Geurland;  station  in  Costilla  County  on  Denver  and  Rio(irande 
Railroad;  altitude,  7,924  feet. 

Garland  Junction;  station  in  Conejos  County  on  Denver  and 
Rio  Grande  Railroad. 

Garner;  creek  in  Saguache  County,  a  left-hand  branch  of  San 
Luis  Creek. 

Gaxnett;  post  village  in  Costilla  County;  altitude,  7,7(X)  feet. 

Garos;  post  village  in  Park  County  on  Colorado  and  Soutbern 
Railway;  altitude,  9,109  feet. 

Gary;  post  village  in  Morgan  County. 

Gaskill;  mountain  in  Grand  County. 
OoMkill;  village  in  Grand  County. 
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Qate  View;  village  in  Gunnison  Co^^nty  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,870  feet. 

Oateway;  post  village  in  Mepa  County. 

Oato;  creek  in  Conejos  County,  emptying  into  a  sink. 

Oault;  post  village  in  Weld  County. 

Oaynor;  lakes  in  Boulder  County Niwot. 

Oemini;  peaks  in  Park  Range,  Park  County Leadville. 

Genoa;  post  village  in  Lincoln  County  on  Chicago,  Rock  Island 
and  Pacific  Railway;  altitude,  5,598  feet. 

Geneva:  gulch  in  Park  County,  tributary  to  South  Platte  River. 

Geneva  Park;  valley  in  Park  County (ieorgetown. 

Georgre;  lake  in  Park  and  Jefferson  counties Pikes  Peak. 

Georg^es;  creek  in  Logan  County,  a  left-hand  branch  of  Horse- 
tail Creek,  tributary  to  South  Platte  River. 

Georgretown;  city  and  county  seat  of  Clear  Creek  County  on 
Colorado  and  Southern  Railroad;  population  in  1900, 1,418; 
altitude,  8,507  feet Georgetown. 

Georgia;  gulch  in  San  Juan  County,  tributary  to  Cement  Creek.  Silverton. 

Georgia;  pass  between  Park  and  Summit  counties;  altitude, 
11,476  feet. 

Gibbs;  peaTc  in  La  Plata  Mountains  on  boundary  between 

Montezuma  and  La  Plata  counties La  Plata. 

Gibson;  hill  in  Summit  County Leadville. 

Gibson;  peak  in  Sangre  de  Cristo  Range,  Custer  County;  alti- 
tude, 13,729  feet. 

Gibson;  ridge  in  Gunnison  County Crested  Butte. 

Gillespie;  gulch  in  Boulder  County,  tributary  to  Jim  Creek  ..  Boulder. 

Gillett;  post  town  in  Teller  County  on  Colorado  Midland  Rail- 
way; population  in  1900,  524;  altitude,  9,933  feet. 

Gilman;  post  town  in  Eagle  County;  population  in  1900,  222. 
Railroad  name,  Rock  Creek. 

Gilpin;  county  in  the  north-central  part  of  the  State,  upon  the 
eastern  slopes  of  Front  Range;  bounded  on  the  north  by 
Boulder  County,  on  the  east  by  Jefferson  County,  on  the 
south  by  Clear  Creek  County,  and  on  the  west  by  Grand 
County.  Its  area  is  ^'30  scjuare  miles,  of  which  3  \^r  cent, 
or  2,110  acres,  were  under  cultivation  in  1900.  The  popu- 
lation in  1900  was  6,690;  and  of  Central  City,  the  county 
seat,  3,114.  In  IIKX)  the  average  magnetic  declination  was 
13°  31'  ea.st.  The  mean  annual  rainfall  is  about  15  inches, 
and  the  mean  annual  temperature  40°  to  45°. 

Gilpin;  peak  in  Ouray  County ;  altitude,  13,682  feet Telluride. 

Gilpin;  post  village  in  Gilpin  County. 

GiUon;  gulch  in  Clear  Creek  County,  tributary  to  Clear  Creek. |^^*^f  Springs  Spe- 

l    cial. 
Glacier;  peak  in  Front  Range,  Summit  County;  altitude,  12,654 

feet. 
Glaciers;  station  in  Gunnison  County  on  Denver  and   Rio 

Grande  Railroad;  altitude,  8,642  feet. 
Glade;  station  in  Douglas  County  on  Denver  and  Rio  Grande 

Railroad,  altitude,  6,496  feet. 
Gladstone;  peak  in  San  Juan  Mountains,  San  Miguel  County.  Telluride. 
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Gladstone;  post  villa;^  in  San  Juan  County,  on   Silverton, 

Gladstone  and  Northern  Railroad Silverton. 

Gladwyn;  village  in  Archuleta  County. 

Glasson  Spur;  station  in  Summit  County  on  Colorado  and 
Southern  Railway. 

Olen;  post  village  in  Washington  County. 

CMenbrook;  station  in  Fremont  County  on  Florence  and 
Cripple  Creek  Railroad;  altitude,  8,068  feet. 

Glencoe;  station  in  Jefferson  County,  on  the  Union  Pacific 

and  the  Colorado  and  Southern  railways Denver. 

Glencoe;  station  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,346  feet. 

Glen  Cove;  village  in  Teller  County Pikes  Peak. 

Glendale;  post  village  in  Fremont  County Pueblo. 

Glendale;  village  in  Boulder  County;  altitude,  6,8:^5  feet Boulder. 

Glendevey;  post  village  in  Larimer  County. 

Gleneyre;  creek  in  Larimer  County,  a  right-hand  branch  of 
Laramie  River. 

Gleneyre;  post  village  in  Larimer  County;  altitude,  6,500  feet. 

Glen  Eyrie;  creek  in  El  Paso  County,  a  left-hand  branch  of 

Fountain  Creek,  tributary  to  Arkansas  River Colorado  Springs. 

Glenisle;  station  in  Park  County  on  Colorado  and  Southern 
Railway. 

Glenmore  Lake;  station  in  Jefferson  County  on  Colorado  and 
Southern  Railway. 

Glenn;  village  in  El  Paso  County. 

Glen  Park:  station  in  El  Paso  County  on  Denver  and  Rio 
Grande  Railroad. 

Glenwood  Springs;  county  seat  of  (iarfield  CViunty,  on  the 
Denver  and  Rio  (Jrande  and  the  Colorado  Mi<Uand  rail- 
ways; population  in  1900,  l,.3oO;  altitude,  5,747  feet.  Rail- 
road name,  Ctlenwofnl. 

Globe  Hill;  station   in  Teller  County  on   Colorado  Midland 

Railway Pikes  Peak. 

Globeville;  town  in  Arapahoe  County  on  Colorado  ami  South- 
ern Railway;  population  in  1900,  2,192. 

Goat;  butte  in  Pueblo  County Pueblo. 

Godfrey;  station  in  Delta  County  on  Denver  and  Rio  (irande 
Railroad. 

Godfrey;  station  in  Ell)ert  County  on  Union  Pacific  Railroad; 

altitude,  5,602  feet Limon. 

Godiva;  ridge  in  Routt  County. 

Goff;  post  village  in  Kit  Carson  (>ounty. 

Gold;  creek  in  Elbert  County,  a  left-hand  branch  of  Running 

Creek,  tributary  to  Boxelder  Creek Ca^^tle  Rock. 

Gold;  hill  in  Boulder  County;  altitude,  8,297  feet Boulder. 

Gold;  hill  in  Gunnison  County;  altitude,  9,500  feet. 

Gold;  hill  in  San  Miguel  County Telluride. 

^  , .    .  .11  .    r.,  ,,      ^  (Cripple  Creek  Si)e- 

Gold;  hill  in  Teller  County |    J^j  * 

Gold;  lake  in  Boulder  County;  altitude,  8,600  feet Boulder. 

Ovid  Basin;  valley  in  Gunnison  County Anthracite. 
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Golden;  city  and  county  seat  of  Jefferson  County  on  Colorado 
and  Southern  Railway;  population  in  1900,  2,152;  altitude, 
5,60ft  feet Denver. 

Golden;  peak  in  Boulder  County;  altitude,  9,650  feet Blackhawk. 

Golden^  Ag^e;  hill  in  Boulder  County;  altitude,  8,400  feet Boulder. 

Golden  Circle  Railroad;  a  line  running  from  Victor  to  Vista 
Grande,  a  distance  of  6  miles. 

Golden  Glen;  gulch  in  Clear  Creek  County,  tributary  to  Chi- 
cago Creek Georgetown. 

Golden  Horn;  summit  in  San  Juan  County Telluride. 

Goldfield;  poet  town  in  Teller  County,  on  the  Colorado  Springs 
and  Cripple  Creek  District  and  the  Florence  and  Cripple 
Creek  railroads;  population  in  1900,  2,191;  altitude,  9,882 
feet Pikes  Peak. 

Gold  Hill;  post  village  in  Boulder  County  on  Colorado  and 

Northwestern  Railway;  altitude,  8,599  feet Boulder. 

Gold  Pan;  station  in  Summit  County  on  Colorado  and  South- 
em  Railway. 

Goliath;  peak  in  Clear  Creek  County Greorgetown. 

Goodnight;  station  in  Pueblo  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  4,731  feet. 

Goodpasture;  post  village  in  Pueblo  County. 

Goodrich;  station  in  Morgan  County  on  Union  Pacific  Rail- 
road. 

Good  Spring*;  creek  in  Routt  and  Rio  Blanco  counties,  a  left- 
hand  branch  of  Yamjia  River. 

Goose;  creek  in  Gunnison  County,  a  left-hand  branch  of  Gun- 
nison River. 

Goose;  lake  in  Huerfano  County Huerfano  Park. 

Gordon;  creek  in  Larimer  County,  a  left-hand  branch  of  Cache 
la  Poudre  River. 

Gordon;  gulch  in  Boulder  County,  tributary  to  North  Boulder 

Creek Boulder. 

Gordon;  station  in  Lake  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  9,820  feet. 

Gore;  canyon  in  Park  Range,  through  which  ({rand  River 
escapes  from  Middle  Park. 

Gore;  creek  in  Eagle  County,  a  right-hand  branch  of  Eagle 
River. 

Gore;  mountains  in  Eagle  County. 

Gore;  pass  in  Grand  County;  altitude,  9,570  feet. 

Gorge;  station  in  Fremont  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  5,482  feet. 

Gorham;  post  village  in  Boulder  County.  Railroa<l  name, 
Marshall. 

Gory;  village  in  Delta  County. 

Gothic;  mountain  in  Gunnison  County;  altitude,  12,646  feet..  Anthracite. 

Gothic;  town  in  Gunnison  County;  altitude,  9,474  feet^ Crested  Butte . 

Governor;  gulch  in  Ouray  County,  tributary  to  Red  Mountain 

Creek Silverton. 

Grabiola;  station  in  Gunnison  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,310  feet 
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Grace;  creek  in  Larimer  County,  a  left-hand  branch  of  I^ra- 
mie  River. 

Qraham;  creek  in  Eagle  and  Pitkin  counties,  a  right-hand 
branch  of  Frying  Pan  Creek,  tributary  to  Roaring  Fork. 

Graham  Park  Junction;  station  in  Lake  County  on  Denver 
and  Rio  Grande  Railroad;  altitude,  10,605  feet. 

Granada;  creek  in  Prowers  County,  a  right-hand  branch  of  f Albany. 
Arkansas  River.  iGranada. 

Granada;  post  town  in  Prowers  County  on  Atchison,  Topeka 
and  Santa  Fe  Railway;  population  in  1900,  204;  altitude, 
3,493  feet Granada, 

Granby;  post  village  in  Grand  County. 

Grand;  county  in  the  north-central  part  of  the  State;  lx)unded 
on  the  north  by  Larimer  County,  on  the  east  by  Front 
Range,  on  the  south  by  Williams  River  Mountainn,  and  on 
the  west  by  Routt  County.  The  area  includes  Middle  Park, 
an  elevated  region  limited  on  the  east  by  Front  Range  and 
on  the  west  by  Park  Range,  and  is  traversed  by  numerous 
shorter  ranges  of  mountains.  It  contains  the  headwaters 
of  Grand  River.  Its  area  is  1,873  square  miles,  of  which  2 
per  cent,  or  18,504  acres,  were  under  cultivation  in  1900. 
The  population  in  1900  was  741,  and  of  Sulphur  Springs, 
the  county  seat,  106.  In  1900  the  average  magnetic  decli- 
nation was  14°  10^  east.  The  mean  annual  rainfall  is  about 
16  inches,  and  the  mean  annual  temperature  40°  to  45°. 

Grand;  lake  in  Middle  Park,  at  the  source  of  Grand  River. 

Grand;  mesa  in  the  western  part  of  the  State,  lying  between 
Grand  and  Gunnison  rivers;  altitude,  10,000  feet. 

Grand;  river  in  Colorado  and  Utah,  one  of  the  two  forks  of 
Colorado  River.  It  heads  in  the  western  slopes  of  Front 
Range  in  Middle  Park,  traverses  that  high  mountain  val- 
ley with  a  westerly  course,  cuts  through  the  Park  Range, 
which  forms  its  western  wall,  and  after  a  long  coiu^e,  gen- 
erally toward  the  southwest,  in  which  it  cuts  through 
numerous  ranges  and  plateaus,  it  joins  Green  River,  form- 
ing the  Colorado.  This  river  has  two  forks,  known  as 
East  Pork  and  North  Fork  of  the  Grand.  Tlie  dis- 
charge at  Glenwood  Springs  for  1904  was  2,049,000  acre- 
feet;  near  Palisades,  April  1  to  October  31,  1904,  2,944,000 
acre-feet. 

Grand  Canyon  of  the  Arkansas;  in  Fremont  C<:)unty,  be- 
ginning just  above  Canyon  and  extending  up  the  river  6 
miles;  its  depth  ranges  from  1,000  to  2,000  feet. 

Grand  Junction;  county  seat  of  Mesa  County  on  Denver  and 
Rio  Grande  Railroad;  population  in  1900,  3,503;  altitude, 
4,573  feet. 

Grand  Lake;  post  village  in  Grand  County;  altitude,  8,153 
feet. 

Grand  River;  valley  of  Grand  River  extending  for  some  50 
miles  below  the  junction  of  Grand  and  Gunnison  rivers  at 
Grand  Junction,  having  a  breadth  of  12  to  18  miles.  The 
river  closely  hugs  the  foot  of  the  plateau  on  the  south,  the 
entire  valley  lying  on  the  right-hand  side  of  the  stream. 
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Grand  River— Continued. 

On  the  north  the  valley  is  limited  by  the  Cliffs  of  Roan  or 
Book  Plateau,  which  rise  4,000  or  5,000  feet  precipitously 
above  it.     The  only  water  in  the  valley  is  Grand  River. 

Orand  Turk;  summit  in  San  Juan  County Silverton. 

Grand  Valley;  post  village  in  Garfield  County. 

Grand  View;  station  in  Ouray  County  on  Denver  and  Rio 
Grande  Railroad. 

Ghraneros;  creek  in  Pueblo  County,  a  right-hand  branch  of 

Greenhorn  Creek,  tributary  to  St.  Charles  River Walsenburg. 

Graneros;  post  village  in  Pueblo  County  on  Denver  and  Rio 

Grande  Railroad ;  altitude,  5,792  feet Walsenburg. 

Ghranger;  station  in  Rio  Grande  County  on  Denver  and  Rio 
Grande  Railroad. 

Grangrle;  valley  in  Larimer  County;  altitude,  8,499  feet. 

Ghranite;  gulch  in  Lake  County,  tributary  to  Arkansas  River  .  Leadville. 

Granite;  hills  in  Hayden  Park,  Teller  County ;  altitude,  10,550 
feet. 

Granite;  peak  in  Chaffee  County. 

Granite;  post  town  in  Chaffee  County  on  the  Colorado  Mid- 
land and  the  Denver  and  Rio  Grande  railroads;  population 
in  1900,  250;  altitude,  8,930  feet.  R^ih-oad  name,  Granite 
Gate Leadville. 

Ghranite  Basin;  high  mountain  valley  in  Gunnison  County...  Crested  Butte. 

Grant;  creek  in  Mesa  County,  a  right-hand  branch  of  Dolores 
River. 

Grant;  post  village  in  Park  County  on  Colorado  and  Southern 
Railway;  altitude,  8,566  feet. 

Grape;  creek  in  Fremont  County,  a  right-hand  branch  of  Ar- 
kansas River Canyon  City. 

Ghrape;  creek  in  Teller  County,  a  left-hand  branch  of  Twin 

Creek Pikes  Peak. 

Grass;  valley  in  Clear  Creek  County i^^^»^^  ^P""^  ^^ 

Grassy;  creek  in  Teller  County,  a  left-hand  branch  of  Beaver  r Cripple  Creek  Spe- 
Creek,  tributary  to  Arkansas  River.  I    cial. 

Grassy;  gulch  in  San  Juan  County,  tributary  to  Cement  Creek.  Silverton. 

Grassy;  mountain  in  Hinsdale  County San  Cristobal. 

Grassy;  village  in  Teller  County  on  Colorado  Springs  andfCripple  Creek  Spe- 
Cripple  Creek  District  Railway.  I    cial. 

Ghravel;  mountain  in  Hinsdale  County Silverton. 

Graveline;  gulch  in  Summit  County,  tributary  to  TenmilefTenmileDistrictSpe- 
River.  I    cial. 

Graveline;   station  in  Sunmiit  County   on  Denver  and  Rio/TenmileDistrictSpe- 
Grande  Railroad.  I    cial. 

Graveyard;  creek  in  Bent  County,  a  left-hand  branch  of  Ar- 
kansas River Lamar. 

Chray;  hills  in  Rio  Blanco  and  Routt  counties. 

Grayback;  gulch  in  Costilla  County,  tributary  to  Placer  Creek.  Huerfano  Park. 

Ghrayback;  peak  in  Sangre  de  Cristo  Range;  altitude,  12,387 

feet Huerfano  Park. 

Chray  Copper;   gulch    in    Ouray  County,   tributary  to    Red 

Mountain  Creek Silverton. 
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Gray  Creek;  post  village  in  Ijbls  AnimaH  County,  on  the  Den- 
ver and  Rio  Grande  and  the  Colorado  and  Southern  rail- 
roads    Elmoro. 

Oray  Head;  summit  in  San   Juan    Mountains,   San    Miguel 

County;  altitude,  10,994  feet Telluride. 

Ghrays;  peak  in  Front  Range,  Summit  County;  altitude,  14,341 
feet. 

Chrays;  station  in  Chaffee  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  9,663  feet. 

Grays  Basin;  hanging  valley  in  San  Juan  Mountains,  San 
Miguel  County. 

Graystone;  peak  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13,489  feet ^ Needle  Mountains. 

Greaser;  creek  in  Huerfano  County,  a  right-hand  branch  of 

Muddy  Creek,  tributary  to  Huerfano  River Huerfano  Park. 

Great  Hogback;  summit  at  east  base  of  Front  Range;  altitude, 
7,923  feet. 

Ghreat  Hogback  Range;  ridge  in  the  western  part  of  the  State, 
extending  in  a  sinuous  course  from  Grand  River  to  White 
River;  altitude,  6,000  feet. 

Ghreeley;  county  seat  of  Weld  County,  on  the  Colorado  and 
Southern  and  the  Union  Pacitic  railroads;  population  in 
1900,3,023;  altitude,  4,652  feet Greeley. 

Green;  lake  in  Clear  Creek  County;  altitude;  9,932  feet Georgetown. 

Green;  mountain  in  Jefferson  County;  altitude,  10,530  feet...  Platte  Canyon. 

Green;  river  in  Wyoming,  Cfjlorado,  and  Utah.  It  heads  in 
Wind  River  Range  in  Wyoming,  flows  south wani  through 
Green  River  ba.sin,  cuts  a  canyon  through  Uinta  Range, 
and  flows  for  a  few  miles  in  Colorado.  It  then  flows  in  a 
southward  course  through  a  succession  of  canyons  cut  in 
inclined  plateauf^  to  its  union  with  (Jrand  River  in  eastern 
Utah  to  form  the  Colorado. 

Green;  station  in  El  Paso  County  oti  Colorado  Midland  Rail- 
way    Pikes  Peak. 

Greenback;  mountain  in  San  Miguel  County Telluride. 

Greenhalgh;  mountain  in  San  Juan  County Silverton. 

Greenhorn;  creek  in  Pueblo  County,  a  right-hand  branch  of 

St.  Charles  River Walsenburg. 

Greenhorn;  mountain  in  Wet  Mountains,  Huerfano  County; 

altitude,  1 2,334  feet Huerfano  Park. 

Greenhorn;  post  village  in  Pueblo  (/ouiity Walsenburg. 

Greenland;  post  village  in  Douglas  County  on  Denver  and  Rio 

Grande  Railroad ;  altitude,  6,907  feet Castle  Rock. 

Greenleaf;  creek  in  Fremont  County,  a  left-hand  branch  of 
Texas  Creek,  tributary  to  Arkan.sas  River. 

Greenlee;  spring  in  Pueblo  County Pueblo. 

Green  Mountedn  Falls;  post  village  in  El  Paso  County  on 
Colorado  Midland  Railway;  population  in  1900,40;  altitude, 
7,728  feet Pikes  Peak. 

Greenwood;  post  village  in  Custer  County Canyon  City. 

Gregory;  canyon  in  Boulder  County,   tributary   to   BouMer 

Creek Blackhawk. 
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Gregory;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Central  City  Special 

Gregory;  hill  in  Gilpin  County Central  City  Si)ecial. 

Greshazn;  post  village  in  Boulder  County;  altitude,  8,436  feet.  Boulder. 
Grey  Creek;  station  in  Las  Animas  County  on  Colorado  and 

Southern  Railway. 
Greylock;  mountain  in  La  Plata  County;  altitude,  13,571  feet.  Needle  Mountains. 
Griffith;  mountain  in  Clear  Creek  County;  altitude,  11,427  feet.  Georgetown. 
Grippe;  station  in  Summit  County  on  Colorado  and  Southern 

Railway. 
Grizzly;  canyon  in  Garfield  County,  tributary  to  Eagle  River. 
Grizzly;  gulch  in  Hinsdale  County,  tributary  to  Silver  Creek.  San  Cristobal. 
Grizzly;  gulch  in  La  Plata  County,  tributary  to  Johnson  Creek.  Needle  Mountains. 

Grizzly;  i>eak  in  La  Plata  County;'  altitude,  13,695  feet Needle  Mountains. 

Grizzly;  peak  in  San  Juan  Mountains  on  boundary  line  be- 
tween San  Juan  and  Dolores  counties;  altitude,  13,748  feet.  Telluride. 
Grizzly;  peak  in  Sawatch   Range,  Pitkin    County;   altitude, 

13,956  feet. 
Grizzly;  station  in  Garfield  County  on  Denver  and  Rio  Grande 

Railroad. 
Grommet;  poet  village  in  La  Plata  County. 
Grote;  station  in  Prowers  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway ;  altitude,  3,527  feet.     Post-office,  Carlton. 
Ground  Hog;  creek  in  Dolores  County,  a  right-hand  branch  of 

West  Dolores  River,  tributary  to  Dolores  River Rico. 

Ground  Hog;  gulch  in  San  Miguel  County,  tributary  to  East 

Dolores  River Telluride. 

Grouse;    gulch  in    San  Juan  County,   tributary  to   Animas 

River Silverton. 

Grouse;  hill  in  Teller  County;  altitude,  9, 824 Pikes  Peak. 

Grove;  creek  in  Delta  and  Mesa  counties,  a  left-hand  branch 

of  Plateau  Creek,  tributary  to  Grand  River. 
Chrover;  post  village  in  Weld  County  on  Burlington  and  Mis- 
souri River  Railroad;  altitude,  5,076  feet. 
Grover;  village  in  Pueblo  County. 
Grubbs;  station  in  Garfield  County  on  Crystal  River  Railroad; 

altitude,  6,241  feet. 
Guajatoyan;  creek  in  Las  Animas  County,  a  left-hand  branch 

of  Purgatory  River Spanish  Peaks. 

Guardian,  The;  summit  in  San  Juan  County;  altitude,  13,617 

feet Needle  Mountains. 

Guero,  Mount;  in  Gunnison  County;  altitude,  11,749  feet. 

Guffey;  post  village  in  Park  County. 

Gulch;    post  village  in   Pitkin  County;   altitude  8,200  feet. 

Railroad  name,  Spring  Gulch. 
Gulf  Junction;  station  in  Pueblo  County,  on  the  Colorado  and 

Southern,  and  the  Denver  and  Rio  Grande  railroads;  alti- 
tude, 4,623  feet. 

Gulnare;  post  village  in  Las  Animas  County Spanish  Peaks. 

Gunbarrel;  hill  in  Boulder  County;  altitude,  5,384  feet Niwot. 

Gunnison;  county  in  the  west-central  part  of  the  State;  bounded 

on  the  north  by  Elk  Mountain  and  Pitkin  and  Mesa  coun- 

Bull.  291—06 6 
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ties,  on  the  east  by  the  summit  of  Sawatch  Mountains,  on 
the  south  by  Saguache  and  Hinsdale  counties,  and  on  the 
west  by  Delta,  Montrose,  and  Ouray  counties.  The  middle 
portion  is  mountainous,  comprising  short  ranges  and 
groups  of  the  Elk  Mountains.  The  northern  and  southern 
portions  are  plateau-like  in  character.  Its  area  is  3,277 
square  miles,  of  which  1  per  cent,  or  28,163  acres,  were  un- 
der cultivation  in  1900.  The  population  in  1900  was  5,331; 
and  of  Gunnison,  thejitounty  seat,  1,200.  In  1900  the  aver- 
age magnetic  declination  was  13°  4y  east.  The  mean 
annual  rainfall  is  about  9  inches,  and  the  mean  annual 
temperature  40°  to  45°. 

Qunnison;  mountain  in  Gunnison  CJounty;  altitude,  12,688  feet. 

Gunnison;  post  town  and  county  seat  of  Gunnison  County,  on 
the  Denver  and  Rio  Grande  and  the  Colorado  Midland  rail- 
ways; population  in  1900,  1,200;  altitude,  7,673  feet. 

Gunnison;  river,  a  large  right-hand  fork  of  Grand  River,  head- 
ing in  the  western  slopes  of  Sawatch  liange,  and  flowing 
west  and  northwest  to  Grand  Junction;  dischargeat  White- 
water January  1  to  October  31,  1904,  121,000  acre-feet. 

Gunnison  Forest  Reserve;  area  1,408  square  miles. 

Guston;  station  in  Ouray  County  on  Silverton  Railroad Silverton. 

Gutshalls;  station  in  Ouray  County  on  Denver  and  Rio  ( irande 
Grande  Railroad. 

Guy;  gulch  in  Jefferson  County,  tributary  to  Clear  Oeek Bhickhawk. 

Guy;  hill  in  Jefferson  County;  altitude,  8,093  feet Blackhawk. 

Guy  Gulch;  station  in  Jefferson  County,  on  Colorado  and 
Southern  Railway;  altitude,  (),227  feet. 

Guyot;  hill  in  Teller  County;  altitude,  9,894  feet jCripple  Creek   Spe- 

l    cial. 
Guyot,  Mount;  in  Summit  County;  altitude,  13,5(>5  feot. 
Guys;  village  in  Las  Animas  County. 
Gypsum;  creek  in  VjOgle  County,  a  left-hand  branch  of  K^igle 

River. 
Gypsum;  creek  in  San  Miguel  County,  aright-hand  branch  of 

Dolores  River. 
Gypsum;   post  village  in  Eagle  County  on  Denver  and  Rio 

Grande  Railroad;  i)opulation  in  1900,  76;  altitude,  6,315 

feet. 
Gypsum;  valley  in  the  western  part  of  the  State,  drained  by 

Dolores  River. 
Hackberry;  creek  in  Bent,  Las  Animas,  and  Baca  counties,  a 

right-hand  branch  of  Rule  Creek,  tributary  to  Arkansas 

River Higl)ee. 

Hag'ens;  station  in  Ouray  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  7,396  feet. 
Ha^ue;  peak  in  Larimer  County;  altitude,  13,832  feet. 
Hahns;  peak  in  Park  Range,  Routt  County. 
Hahns  Peak;  post  village  and  county  seat  of  R(^)utt  (bounty; 

population  in  1900,  46. 
Hale;  post  village  in  Yuma  County. 
Halfmile;  gulch  in  Jefferson  County,  tri)>utary  to  Clear  Creek, .  Blackhawk, 
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Half  XMm;  creek  in  Lake  Coonty,  a  ri^t-hand  branch  of 

Arkansas  River I^eadville. 

Halfway;  po»t  village  in  El  Paso  County. 

Halfway;  station  in  Park  CJounty  on  Colorado  and  Southern 
Railway;  altitude,  10,539  feet. 

Hall;  station  in  Archuleta  County  on  Denver  and  Rio  Grande 
Railroad. 

Hall;  station  in  El  Paso  County  on  Atchison,  Topeka  and  Santa 
Fe  Railroad. 

HallB;  gulch  in  Park  County,  tributary  to  South  Platte  River. 

HallB;  station  in  Gunnison  County  on  Denver  and  Rio  Grande 
Railroad. 

Hall  Valley;  village  in  Park  County. 

Haxnbline;  lake  in  Boulder  County Niwot 

Hamilton;  canyon  in  Montrose  and  San  Miguel  (counties,  tribu- 
tary to  San  Miguel  River. 

Hamilton;  creek  in  Grand  County,  a  right-hand  branch  of 
Frazer  River,  tributary  to  Grand  River. 

Hamilton;  post  village  in  Routt  County. 

Hamilton,  Mount;  in  Front  Range,  Park  County;  altitude, 
13,800  feet. 

Hammond;  town  in  Park  County. 

Hancock;  gulch  in  San  Juan  County,   tributary  to  Cement 

Creek Silverton. 

Hancock;  peak  in  Gunnison  County Anthracite. 

Hancock;  i)ost  village  in  Chaffee  County. 

Hancock;  station  in  Gunnison  County,  on  Colorado  and  South- 
ern Railway;  altitude,  10,015  feet. 

Handles;  peak  in  San  Juan  Mountains,  Hinsdale  County;  alti- 
tude, 14,008  feet Silverton. 

Hangmans;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek .- Blackhawk. 

Hanson;  peak  in  San  Juan  Mountains,  San  Juan  County Silverton. 

Hantz;  peak  in  Park  Range,  near  northern  boundary  of  the 
State;  altitude,  10,906  feet. 

Happy  Canyoti;  creek  in  Douglas  and  Arapahoe  counties,  a 
left-hand  branch  of  Cherry  Creek,  tributary  to  South  Platte 
River Denver. 

Harbison;  creek  in  Garfield  County,  a  left-hand  branch  of  Para- 
chute Creek,  tributary  to  (xnind  River. 

Hardin;  post  village  in  Weld  County  on  Union  Pacific  Rail- 
road; altitude,  4,525  feet. 

Hardscrabble;  cr^k  in  Fremont  and  Custer  counties,  a  right- 
hand  branch  of  Arkansas  River Canyon  City. 

Harman;  village  in  Denver  County. 

Harps;  town  in  Chaffee  County. 

Harris;  post  village  in  Adams  County,  on  the  Burlington  and 
Missouri  River  and  the  Colorado  and  Southern  railways; 
altitude,  5,354  feet. 

Harrisburgr;  post  village  in  Washington  County. 

Harrison;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 
Piceance  Creek,  tributary  to  White  River. 
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Harrison;  creek  in  Routt  County,  a  ri^ht-hand  Ijranch  of  Bear 
Creek. 

Harrison;  ix>8t  village  in  Routt  County. 

Harrison;  town  in  Summit  County  on  Colorado  and  Southern 
Railway. 

Harrison  Junction;  station  in  Lake  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  10,144  feet. 

Hartman;  gulch  in  Montezuma  County,  tributary  to  McElmo 
Creek. 

Hartsel;  post  village  in  Park  County  on  Colorado  Midland 
Railway;  altitude,  8,875  feet. 

Harvard,  Mount;  in  Sawatch  Range,  Chaffee  County;  altitude, 
14,375  feet. 

Haskill;  post  village  in  San  Miguel  County  on  Denver  and 
Rio  Grande  Railn)ad;  altitude,  7,836  feet. 

Hastingps;  post  village  in  Las  Animas  County  on  spur  of  Colo- 
rado and  Southern  Railway ^ Spanish  Peaks. 

Haswell;  post  village  in  Kiowa  County  on  Missouri  Pacific 

Rail  way;  altitude,  4,528  feet J^as  Animas. 

Hatcher;  station  in  Archuleta  County  on  Denver  and  Rio 
Grande  Railroad. 

Hatchery;  station  in  Arapahoe  County  on  Union  Pacific  Rail- 
road   Denver. 

Hathaway;  station  in  Douglas  County  on  Denver  and  Rio 
Grande  Railroad. 

Hathaways;  town  in  Summit  County. 

Haver;  station  in  Park  County  on  Colorado  Midland  Railway; 
altitude,  8,977  feet. 

Haverly;  station  in  Gunnison  County  on  Denver  and  Rio 
Grande  Railroad. 

Haviland;  station  in  Jefferson  County  on  Colorado  and  South- 
ern Railway. 

Haworth;  village  in  I^rimer  County. 

Hawn;  mountain  in  San  Juan  Mountains,  San  Miguel  County.  Telluride. 

Haxtum;  post  village  in  Phillips  County  on  Burlington  and 
Missouri  River  Railroad;  altitude,  4,033  feet. 

Hay  Claim;  small  park  between  Turkey  Creek  and  South 
Platte  River. 

Hayden;  butte  in  Huerfano  County;  altitude,  0,860  feet Walsenburg, 

Hayden;  creek  in  Fremont  Cbunty,  a  right-hand  branch  of 
Arkansas  River. 

Hayden;  pass  between  Fremont  and  Saguache  counties;  alti- 
tude, 10,780  feet. 

Hayden;  peak  in  Klk  Mountains  in  Pitkin  County Aspen. 

Hayden;  poj^t  village  in  Routt  County. 

Hayden;  station  in  Lake  County  on  Colorado  Midland  Rail- 
way; altitude,  9,180  feet Leadville. 

Hayden,  Mount;  in  San  Juan  Mountains,  Ouray  County Silverton. 

Hayden  Park;  an  elevated  tract  near  the  heiids  of  Fountain 
and  Twin  creeks,  a  few  miles  north  of  Pikes  Peak;  average 
elevation,  10,000  feet. 

Hayes;  station  in  Costilla  County  on  Denver  and  Rio  (Jrande 
Railroad;  altitude,  7,525  feet. 
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Hayford;  station  in  Logan  County  on  Union  Pacific  Railroad. 
Hayxnan;  post  village  in  Park  County. 
Ha3me8;   creek  in  Pueblo  County,  a  right-hand  branch  of 

Arkansas  River ., Nepesta. 

Hay  Ranch;  station  on  Colorado  and  Southern  Railway;  alti- 
tude, 9,314  feet. 

Haystack;  butte  in  Pueblo  County;  altitude,  5,318  feet Apishapa. 

Haystack;  mountain  in  Boulder  County ;  altitude,  5,590  feet.,  Niwot. 
Haywood;  station  in  Rio  Cirande  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,744  feet. 

Hazel;  lake  in  La  Plata  County;  altitude,  12,420  feet Needle  Mountainv^ 

Hazeltine;  post  village  in  Adams  County  on  Union  Pacific 

Railroad;  altitude,  5,178  feet 
Hazelton;  mountain  in  San  Juan  Mountains,  San  Juan  County.  Silverton. 
Hebron;  post  village  in  Larimer  County. 
Hecla;  station  in  Chaffee  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  7,371  feet. 
Hecla  Junction;  station  in  Chaffee  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  7,358  feet. 
Helena;  canyon  in  Fremont  County,  tributary  to  Oil  Creek..  Pikes  Peak, 
Hell;  canyon  in  Gunnison  County,  tributary  to  Lake  Fork 

Gunnison  River I^ake  City. 

Hell;  creek  in  Custer  County,  a  left-hand  branch  of  Grape 

Creek,  tributary  to  Arkansas  River. 
Hell  Gate;  creek  in  Kit  Carson  County,  a  left-hand  branch  of 

South  Fork  Republican  River. 
Helmet;  peak  in  I^  Plata  Mountains,  Montezuma  County;  alti- 
tude, 11,976  feet I^  PiaU 

Hematite;  gulch  in  San  Juan  County,  tributary  to  Animas 

River Silverton. 

Henderson;  inland  in  South  Platte  River,  in  Adams  County..  Denver. 
Henderson;  post  village  in  Adams  County  on  Union  Pacific 

Railroad;  altitude,  5,039  feet Denver. 

Hendrick;  gulch  in  Ouray  County,  tributary  to  Red  Mountain 

Creek Silverton. 

Hendricks;  station  in  Fremont  County  on   Denver  and  Rio 

Grande  Railroad. 
Henkel;  station  in  El  Paso  County  on  Atiihison,  Topeka  and 

Santa  Fe  Railway;  altitude,  5,194  feet.     Post-ofl^ce,  Wig- 
wam. 
Henrietta;  gulch  in  San  Juan  County,  tributary  to  Cement 

Creek Silverton. 

Henry;  station  in  Conejos  County  on  Denver  and  Rio  Grande 

Railroad. 
Henson;   creek  in    Hinsdale  County,  a  left-hand  branch  of 

Lake  P^ork  Gunnison  River,  originating  in  North  Fork I^ake  City. 

Henson;  post  village  in  Hinsdale  County I-ake  City. 

Herman,  Mount;  in  Kl  Paso  County Castle  Rock. 

Hermano;  peak  in  Montezuma  County;  altitude,  9,014  feet. 

Hermit;  post  village  in  Hinsdale  County. 

Hermitag^e;  post  village  in  Dolores  County. 

Hermosa;  creek  in  T>a  Plata  Coutity,  a  right-hand  branch  of/Durango. 

Animaa  River,  originating  in  North  and  South  iorka.  \Y.ii%\ii^«t  ^aww\«vcv. 


86  GAZETTEER  OF  COLORADO. 

Atlas  Mheet. 
Hermosa;  monntain  in  San  Joan  Mountains,  Dolores  County; 

altitude,  12,564  feet Engineer  Mountain. 

Hermosa;  station  in  La  Plata  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,633  feet Durango. 

Hermosa  Park;   high  valley  in  La   Plata  County;    altitude, 

8,797  feet ; Engineer  Mountain. 

Herrick;  station  in  Pueblo  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  4,741  feet. 
Herrings;  creek  in  Park  county,  a  right-hand  branch  of  South 

Platte  River. 

Herring:,  Mount;  in  Custer  County;  altitude,  9,340  feet Canyon  City. 

Herron;  hill  in  Las  Animas  County;  altitude,  5,924  feet Elmoro. 

Hesperus;  peak  in  La  Plata  Mountains,  Montezuma  County; 

altitude,  13,225  feet I^  Plata. 

Hesperus;  post  village  in  La  Plata  County  on  Denver  and 

Rio  Grande  Railroad ;  altitude,  8, 113  feet La  Plata. 

Hessie;  village  in  Boulder  County. 

Hester;  post  village  in  Otero  County. 

Hezron;  post  village  in  Huerfano  County  on  Colorado  and 

Western  Railway;  altitude,  4,999  feet. 
Hezron  Junction;  station  in  Huerfano  County  on  Denver 

and  Rio  Grande  Railroad;  altitude,  4,857  feet. 

Hicks;  post  village  in  Las  Animas  County Spanish  Peaks. 

Hidden;  lake  in  La  Plata  County Needle  Mountains. 

Hierro;  station  in  Gunnison  County  on  Denver  and  Rio  Cirande 

Railroad;  altitude,  7,530  feet. 
Higbee;  canyon  in  Otero  County,  tributary  to  Purgatory  River.  Higbee. 

Higbee;  post  village  in  Otero  County Higbee. 

Higgins  Park;  valley  in  Boulder  County Boulder. 

High;  creek  in  Park,  Teller,  and  Fremont  counties,  a  right- 
hand  branch  of  Oil  Creek,  tributary  to  Arkannas  River Pikes  Peak. 

Highland;  lake  in  Weld  County Ni wot. 

Highland;  station  in  Boulder  County  on  Colorado  and  South- 
ern Railway;  altitude,  5, 122  feet Niwot. 

Highland;  village  in  Pitkin  County Aspen. 

Highland  Lake;  post  village  in  Weld  County Niwot. 

Highland  No.  2 ;  lake  in  Boulder  County Niwot. 

Highland  Park;  valley  in  Clear  Creek  County;  altitude,  1 1,(X)0 

feet : . .  (Georgetown. 

Highlands;  village  in  Denver  County. 

High  Line  Junction;  station  in  Teller  County  on  Colora<lo 

Springs  and  Cripple  Creek  District  Railway. 
Highmore;  post  village  in  Garfield  County. 
Higho;  post  village  in  T^rimer  County. 

High  Park;  post  village  in  Teller  County Pikes  Peak. 

Hill;  creek  in  Grand  County,  a  right-hand   branch  of  Muddy 

Creek,  tributary  to  Grand  River. 

Hill;  gulch  in  Boulder  County,  tributary  to  Jim  Creek Boulder. 

Hillden;    station  in  Saguache  County  on    Denver  and   Rio 

Grande  Railroad. 
Hillrose;  post  village  in  Morgan  County  on  Burlington  and 

Missouri  River  Railroad;  altitude,  4,177  feet. 
Hillahoro;  village  in  Weld  County Greeley. 
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Hillside;  poet  village  in  Fremont  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,473  feet 
Hillside;  village  in  Ouray  County;  altitude,  8,269  feet. 
Hilltop;  post  village  in  Douglas   County  on  Colorado  and 

Southern  Railway. 
Hilltbp;  station  in  Elbert  County  on  Colorado  and  Southern 

Railway Castle  Rook. 

Hilltop;  station  in  Park  County,  on  the  Colorado  and  Southern 

and  the  Colorado  Midland  railways;  altitude,  6,609  feet. 
Hilltop  Junction;  station  in  Park  County  on  Colorado  and 

Southern  Railway;  altitude,  9,839  feet. 
Hilton;  station    in    Bent  County  on  Atchison,   Topeka  and 

Santa  Fe  Railway;  altitude,  3,888  feet. 
Hinkles;  station  in  Gunnison  County  on  Colorado  and  South- 
em  Railway;  altitude,  8,174  feet. 
Hinsdale ;  county  in  the  southwestern  part  of  the  State ;  bounded 

on  the  north  by  Gunnison  County,  on  the  east  by  Saguache 

and  Mineral  counties,  on  the  south  by  Archuleta  County, 

and  on  the  west  by  Ouray,  San  Juan,  and  La  Plata  counties. 

It  includes  a  portion  of  San  Juan  Mountains.     Its  area  is 

1,003  square  miles,  of  which  3  f)er  cent,  or  1,767  acres,  were 

under  cultivation  in  1900.    The  population  in  1900  was 

1,609;  and  of  Lake  City,  the  county  seat,  700.     In>1900  the 

average  magnetic  declination  was  13°  25'  east.    The  mean 

annual  rainfall  is  about  15  inches,  and  the  mean  annual 

temperature  40°. 

Hiranx  Prince;  lake  in  Boulder  County Niwot. 

Hirst;  village  in  Costilla  County. 
Hobart;  village  in  Teller  County. 
Hoehne;   post  village  in    Las  Animas  County  on  Atchison, 

Topeka  and  Santa  Fe  Railway;  altitude,  5,711  feet. 

Hoffinan;  lake  in  Boulder  County Niwot. 

Hogrback;  canyon  in  Mesa  County,  tributary  to  Grand  River. 
Hogback;  mesa  in  Rio  Grande  County. 

Hogback;  mountain  in  Pueblo  County Pueblo. 

Hogback;  summit  in  Montezuma  County La  Plata. 

Hogback;  valley  in  Routt  County. 

Hogg;  post  village  in  Montezuma  County. 

Hogland;  creek  in  Saguache  County,  a  right-hand  branch  of 

Saguache  River. 
Hog  Banch;  canyon  in  Pueblo  County,  tributary  to  Huerfano 

River Apishapa. 

Holbert  Cabin;  village  in  Fremont  County Pikes  Peak. 

Holcolm;  hills  in  El  Paso  County Big  Springs. 

Holly;  post  town  in  Prowers  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  population  in  1900,  364;  altitude,  3,387 

feet Granada. 

Hollywood;  station  in  Teller  County  on  Florence  and  Cripple 

Creek  Railroad;  altitude,  9,698  feet. 

Holtwold;  village  in  Elbert  County Big  Springs. 

Holy  Cross;  village  in  Eagle  County Leadville. 

Holy  Cross  Forest  Reserve;  area  1,548  s(|uare  miles. 
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Holy  Cross,  Mountain  of  the;   in  Sawatch  Range,  Eagle 

County;  altitude,  14,170  feet J>eadville. 

Holyoke;  post  town  in  Phillips  County  on  Burlington  and 

Missouri  River  Railroad;  altitude,  3,737  feet. 
Homans  Park;  name  applied  to  the  northern  end  of  San  Luis 

Valley. 
Home;  station  in  Rio  Grande  County  on  Denver   and    Rio 

Grande  Railroad;  altitude,  6,547  feet. 
Home;  village  in  Larimer  County. 
Homestake;  creek  in  Eagle  County,  a  left-hand  braiuh  of 

Eagle  River,  tributary  to  Grand  River Leadville. 

Homestake;  peak  in  Sawatch  Range,  on  boundary  between 

Pitkin  and  Eagle  counties;  altitude,  13,227  feet lieadville. 

Honnold;  village  in  Routt  County;  altitude,  9,158  feet. 

Hooker;  hills  in  Pueblo  County ;  altitude,  4,907  feet Nepesta. 

Hooks;  station  in  Pitkin  County  on  Denver  and  Rio  Grande 

Railroad. 
Hooper;  post  town  in  Costilla  County  on  Denver  and   Rio 

Grande  Railroad;  population  in  1900,  177;  altitude,  7,566 

feet. 
Hoosac;  gulch    in    Clear  Creek    County,    tributary    to   Fallfldaho  Springs   Spe- 

River.  I    cial. 

Hoosier;  pass    in    Park  Range  between   Park  and  Summit 

counties. 

Hoosier;  ridge  in  Summit  County Leadville. 

Hoosier;  station  in  Park  County  on  Colorado  and  Southern 

Railway;  altitude,  9,698  feet. 
Hoosier  Pass;  station  on  Colorado  and  Cripple  Creek  District 

Railway;  altitude,  10,309  feet Leadville. 

Hope;  mountain  in  Chaffee  County. 

Hope;  mountain  in  La  Plata  County Needle  Mountains. 

Hope;  village  in  Mesa  County. 

Hopkins;  station  in  Eagle  County  on  Colorado  Midland  Rail- 
way; altitude,  7,346  feet. 
Horace;  village  in  Teller  County. 
Horn;  creek  in  Custer  County,  a  left-hand  branch  of  Grai)e 

Creek,  tributary  to  Arkansas  River. 
Horn;  peak  in  Sangre  de  Cristo   Mountains  Custer  Ct^unty; 

altitude,  13,447  feet. 
Horse;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River I Higbee. 

Horse;  creek  in  Baca  County,  flowing  east  into  Kansas  and  I   ^^** 

disapi>earing  in  a  sink.  |    IJ^' 

I  Albany. 

Horse;  creek  in  Eagle  County,  a  right-hand  branch  of  (inind 

River. 
Horse;  creek  in  Dolores  ('ounty,  a  right-hand  branch  of  East 

Dolores  River * Rico. 

Horse;  creek  in  Larimer  County,  a  left-han<l  branch  of  Caclio 

la  Pond  re  River. 
Horse;  creek  in  Montezuma  County,  a  left-hand  ])ranch  of 

Middle  Rio  Mancos La  Plata. 
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Horse;  creek  in  Otero  County,  a  left-hand  branch  of  ArkansaelQ  .|. 

^*^'^''-  -  I  Las  Animas. 

Horse;  creek  in  Pueblo  County,  a  right-hand  branch  of  St. 

Charles  River Pueblo. 

Horse;  gulch  in  La  Plata  County,  tributary  to  Animas  River. .  Durango 
Horsefly;  creek  in  Montrose  County,  a  right-hand  branch  of 

San  Miguel  River,  tributary  to  Dolores  River. 
Horsefly;  peak  in  Montrose  County;  altitude,  10,504  feet. 
Horsefly;  village  in  Montrose  County. 
Horseshoe;   gulch  in   Park  County,   tributary   to  Fourmile 

Creek Leadville. 

Horseshoe;  mountain  in  Park  Range,  I^ke  County;  altitude, 

13,912  feet Leadville. 

Horseshoe;  village  in  Park  County  on  Colorado  and  Southern 

Railway;  altitude,  10,598  feet Leadville. 

Horseshoe  Bajsin;  hanging  valley  in  Hinsilale  County Silverton. 

Horsetail;  creek  in  Logan  County,  a  left-hand  branch  of  South 

Platte  River. 
Hortense;  post  village  in  Chaffee  County. 
Horsethief;  spring  in  Montrose  County. 

Hot;  spring  in  Gunnison  County Crested  Butte. 

Hot;  springs  in  Ouray  County;  altitude,  7,086  feet Ouray. 

Hotchkiss;  post  town  in  Delta  County;   i)opulation  in  19(X), 

261;  altitude,  5,359  feet. 
Hot  Spring:;  creek  in  Mineral  County,  a  right-hand  branch  of 

Rio  Grande. 
Hot  Springs;  station  in  Saguache  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,757  feet. 
Hot  Sulphur;  Ht)ring8  in  (Jrand  County. 

Houg^hton;  mountain  in  San  Juan  County Silverton 

Hovenweep;  cr^k  in  Montezuma  County,  aright-hand  branch 

of  San  Juan  River. 
Howard;  post  village  in  Fremont  County,  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,706  feet. 
Howard;  springs  in  San  Miguel  County. 
Howard;  springs  in  Weld  County. 
Howard  Fork;  in  San  Miguel  County,  a  right-hand  branch  of 

Lake  Fork  San  Miguel  River Telluride 

Howard  Fork;  in  Weld  County,  a  right-nand  branch  of  Crow 

Creek,  tributary  to  South  Platte  River. 
Howardsville;  post  village  in  San  Juan  County  on  Silverton 

Northern  Railroad ;  altitude,  9,968  feet Silverton. 

Howbert;  post  village  in  Park  County  on  Colorado  Midland 

Railway.     Railroad  and  corporate  name.  Freshwater. 
Howeville;  town  in  Gunnison  County. 
Hudson;  creek  in  Custer  County,  a  left-hand  branch  of  Graj)e 

Creek,  tributary  to  Arkansas  River. 
Hudson;  post  village  in  Weld  (>)unty  on  Burlington  and  Mis- 
souri River  Railroad;  altitu<le,  5,006  feet Greeley. 

Huerfano;  butte  in  Huerfano  County;  altitude,  6,150  feet Walsenburg. 

Huerfano;  county  in  the  southern  part  of  the  State;  bounded 

on  the  north  by  Custer  and  Pue])lo  <'ountie8,  on  the  vioal 
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Huerfano— Continued . 

and  south  by  Las  Animas  County,  and  on  the  west  by  Cos- 
tilla and  Saguache  counties  and  Sangre  de  Cristo  Range.  ' 
The  surface  consists  of  rolling  plains,  with  the  exception 
of  the  western  and  a  small  portion  of  the  northern  bound- 
aries. The  area  is  1,637  square  miles,  of  which  3  percent, 
or  25,466  acres,  were  under  cultivation  in  1900.  The  popu- 
lation in  1900  was  8,395;  and  of  Walsenburg,  the  county 
seat,  1,033.  In  1900  the  average  magnetic  declination  was 
13°  00^  east.  The  mean  annual  rainfall  is  about  14  inches, 
and  the  mean  annual  temperature  45°  to  50°. 

Huerfano;  lake  in  Pueblo  County *  Nepesta. 

Huerfano;  post  village  in  Huerfano  County  on  Denver  and  Rio 

Grande  Railroad ;  altitude,  5,665  feet Walsenburg. 

Huerfano;  river  in  Pueblo  and  Huerfano  counties,  a  right-j     *  *^^  ^^' 
hand  branch  of  Arkansas  River.  j  Nepesta. 

llluerfano  Park. 

Huerfano  Canyon;  village  in  Huerfano  County Huerfano  Park. 

Huerfano  Park;    open  valley  sloping  south  l)etweeu  Wet 
Mountains  and  Sangre  de  Cristo  Range. 

Huerto;  creek  in  Hinsdale  County,  a  right-hand  branch   of 
Rio  Piedra,  tributary  to  San  Juan  River. 

Hugro;  county  seat  of  Lincoln  County  on  Union  Pacific  Rail- 
road; altitude,  5,039  feet. 

Hugro;  hill  in  Lincoln  County;  altitude,  5,300  feet Limon. 

Hukill;  gulch  in  (^ear  Creek  County,  tributary  to  Clear  Creek,  j^^^*.^^  Springs  Spe- 

l    cial. 

Hiilbert;  station  in  El  Paso  Coimty,  on  Denver  and  Rio  (irande 

Railroad. 
Hull;  station  in  Teller  County,  on  Florence  and  Cripple  Creek 

Railroad. 

Hulls  Camp;  village  in  Teller  County fCripple  Creek  Spe- 

l    cial. 
Humbug:;  creek  in  Summit  County,  a  right-hand  branch  offTenifiile  District 

Tenmile  River,  tributary  to  Snake  Riv^er.  I    Special. 

Humboldt;  i)eak  in  Sangre  de  Cristo  Mountains,  Custer  County; 

altitude,  14,044  feet. 
Humphrey;  station  in  Pitkin  County  on  Colorado  Midland 

Railway;  altitude,  10,203  feet. 
Hunchback;  mountain  in  San  Juan  County;  altitude,  13,133 

feet Nee<ile  Mountains. 

Hungerfoot;  lake  in  Pueblo  County Nepesta. 

Hunt;  creek  in  Rio  Blanco  and  Routt  counties,  a  left-hand 

branch  of  Yam  pa  River. 
Hunter;  canyon  in  l.,a8  Animas  County,  tributary  to  Apishapa 

River Spanish  Peaks. 

Hunter;  creek  in  Pitkin  County,  a  right-hand  ])ranch  of  Roar- 
ing Fork,  tributary  to  Orand  River Aspen. 

Hunter;  hill  in  Gunnison  County C'rested  Butte. 

Hunts;   peak   in  Sangre  de  Cristo   Mountains  on   Ixiundary 

between  Saguache  and  Fremont  counties;  altitude,  12^446 

feet. 
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Huntsmaiui;  hills  lying  west  of  Elk  Mountains,  and  extending 
northward  to  Grand  River. 

Hurricajie;  peak  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13,565  feet Silverton. 

Hurricane  Basin;  hanging  valley  in  Hinsdale  CJounty Silverton. 

Husted;  post  village  in  £1  Paso  County  on  Atchison,  Topeka 
and  Santa  Fe  Railway;  altitude,  6,647  feet. 

Hyatt;  lake  in  Jefferson  County Denver. 

Hyde;  station  in  Washington  County  on  Burlington  and  Mis- 
souri River  Railroad;  altitude,  4,232  feet. 

Hydraulic;  village  in  Montrose  County. 

Hy^ene;  post  village  in  Boulder  County  on  Burlington  and 

Missouri  River  Railroad;  altitude,  5,086  feet Niwot. 

Ibex;  station  in    Lake  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  11,512  feet. 

Ice;  lake  in  San  Juan  County Telluride. 

Ic©  lialce  Basin;  valley  in  San  Juan  County Telluride. 

Idaho;  creek  in  Weld  County,  a  right-hand  branch  of  Boulder 

Creek Niwot 

Idaho;  gulch  in  San  Juan  County,  tributary  to  Animas  River.  Silverton. 

Idaho  Greek;  station  in  Weld  County  on  Burlington  and  Mis- 
souri River  Railroad ;  altitude,  4,897  feet. Niwot 

Idaho  Springs;  post  town  in  Clear  Creek  County  on  Colorado]  . 

and  Southern  Railway;  population  in  1900,  2,502;  altitude,  l^<^»"^  Springs  Spe- 
7,556  feet  J     ^***- 

Idalia;  post  village  in  Yuma  County. 

Idlewild;  station  in  Park  County  on  Colorado  Midland  Rail- 
way; altitude,  8,464  feet. 

Ignacio;  post  village  in  La  Plata  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,425  feet 

Has;  mountain  in  Rio  Blanco  County. 

niff;  post  village  in  Logan  County  on  Union  Pacific  Railroad; 
altitude,  3,832  feet. 

nium;  station  in  San  Miguel  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  8,108  feet Telluride. 

Illinois;  creek  in  Larimer  County,  a  left-hand  tributary  of 
Michigan  River. 

Illinois;  gulch  in  Gilpin  County,  tributary  to  North   Clear 

Creek Central  City  rtj^iMw 

Illinois;  gulch  in  San  Juan  County,  tributary  to  Cement  Creek.  Silverton. 

Illinois;  gulch  in  Summit  County,  tributary  to  Blue  River Leadville. 

Use;  post  village  in  Custer  County. 

Imogene  Basin ;  valley  in  Ouray  County Silverton. 

Independence;  creek  in  Larimer  County,  a  left-hand  branch 
of  North  Platte  River. 

Independence;  gulch  in  Hinsdale  County,  tributary  to  Lake 

Fork  Gunnison  River I^ke  City. 

Independence;  post  village  in   Teller  County  on  Colorado 

Midland  Railway Pikes  Peak. 

Independence;  station  in  Arapahoe  County  on  Golden  Circle 
Railroad;  altitude,  10,359  feet. 

Independence  Basin;  valley  in  (iunnison  County Anthracite. 
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Indian;  creek  in  Clear  Creek  County,  a  right-hand  branch  of 

Bear  Creek,  tributary  to  South  Platte  River Georgetown. 

Indian;  creek  in  Douglas  County,  a  left-hand  branch  of  Plum 

Creek,  tributary  to  South  Platte  River Platte  Canyon. 

Indian;  creek  in  Grand  County,  a  left-hand  branch  of  Frazer 

River,  tributary  to  Grand  River. 
Indian;   creek  in  Gunnison  County,  a  right-hand  branch  of 

Gunnison  River. 
Indian;  creek  in  Huerfano  County,  a  left-hand  branch  of  Mid- 

.dle  Creek,  tributary  to  Cuchara  River Huerfano  Park. 

Indian;  creek  in  Mesa  County,  a  right-hand  branch  of  Gun- 
nison River. 
Indian;  gulch  in  Jefferson  County,  tributary  to  Clear  Creek..  Blackfaawk. 
Indian;  run  in  Rio  Blanco  and  Routt  counties,  a  right-hand 

branch  of  South  Fork  Williams  River. 
Indiana;  creek  in  Summit  County,  a  right-hand  branch  of  Blue 

River,  tributary  to  Grand  River Leadvilld. 

Indian  Agency;  in  La  Plata  County,  for  the  Southern  Ute. 

Indianapolis;  village  in  Las  Animas  County Mesa  de  Maya. 

Indian  Flat;  valley  in  Clear  Creek  County P^?^f  ^P""^  ^^"^ 

I    cial. 

Indian  Trail;  ridge  on  boundary  between  La  Plata  and  Mont«- fLa  Plata. 

zuma  counties.  iRico. 

Ingram  Basin ;  valley  in  San  Miguel  County Silverton. 

Ingram;  creek  in  San  Miguel  County,  a  right-hand  branch  of 

San  Miguel  River Telluride. 

Ink;  spring  in  Routt  County;  altitude,  6,012  feet. 

Inman;  station  in  Kiowa  County  on  Missouri  Pacific!  Railway; 

altitude,  4,347  feet l^is  Animas. 

Insmont;  post  village  in  Park  County. 

Interlaken;  village  in  Lake  County Leadville. 

Ida;   post  village  in  Gunnison  County  on   Denver  and  Rio 

Grande  Railroad;  altitude,  7,4.34  feet. 
lone;  station  in  Weld  C/Ounty  on  Union  Pacific  Railroad;  alti- 

tud,  4,862  feet. 
Ionia;  village  in  Mesa  County. 

Iowa;  gulch  in  Lake  County,  tributary  to  Arkansas  River I^eadville. 

Irelands;   station   in  T^   Plata  County  on    Denver  and  Rio 

Grande  Railroad. 
Iris;  village  in  Saguache  County. 
Iron;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Timpas. 

Iron;  creek  in  Montrone  County,  a  left-hand  branch  of  Smith 

Fork. 

Iron;  hill  in  I^ke  County Lead ville. 

Iron;  mountain  in  Costilla  and  Huerfano  counties Huerfano  Park. 

Iron;  mountain  in  Fremont  County. 

Iron;  mountain  in  Gunnison  County;  altitude,  10,40')  feet. 

Iron;  mountain  in  San  Miguel  County Telluride. 

Iron;  spring  in  San  Miguel  County Telluride. 

Iron  Clad;  hill  in  Teller  Conntv pTP'«  ^'"^^  ^^ 

\    cial. 
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Ironclads,  TOie;  summits  in  Boulder  County;  altitude,  9,100 

feet ^  A Boulder. 

Irondale;  station  in  Arapahoe  County  on  Union  Pacific  Rail- 
road; altitude,  5,115  feet. 
Iron  Springy;  station  in  Otero  County  on  Atchison,  Toi)eka 

and  Santa  Fe  Railway Timpas. 

Iron  Springs;  arroyo  in  Otero  and  I  as  Animas  counties,  a 

right-hand  branch  of  Timi)as  Creek,  tributary  to  Arkansas 

River Timpas. 

Ironton;  post  town  in  Ouray  County  on  Silverton  Railroad; 

population  in  1900,  71 Silverton. 

Ironton  Park,  in  Ouray  County Silverton. 

Irraweuldy;  creek  in  Oarfield  County,  a  right-hand  branch  of 

Grand  River. 
Irving;  peak  in  San  Juan  Mountains,  La  Plata  County;  altitude, 

13,210  feet Needle  Mountains. 

Irwin;  town  in  Gunnison  County;  population  in  1900,  26 Anthracite. 

Isabella;  station  in  Teller  County  on  Florence  and  Cripple 

Creek  Railroad. 

Island;  lake  in  San  Juan  County Telluride. 

Island;  mesa  in  San  Miguel  County. 

Italian;  creek  in  Gunnison  County,  a  right-hand  branch  of 

Taylor  River,  tributary  to  Ciunnison  River. 
Italian;  mountain  in  Elk  Mountains;  altitude,  13,:-t50  feet. 
Ivanhoe;  post  village  in  Pitkin  County  on  Colorado  Midland 

Railway;  altitude,  10,927  feet. 
Jack;  canyon  in  Otero  County  tributary  to  Purgatory  River. 
Jack;  creek  in  Larimer  County,  a  right-hand  branch  of  Illinois 

Creek,  tributary  to  North  Platte  River. 
Jackass;   creek   in  Garfield  County,  a  right-hand   branch  of 

Grand  River. 

Jackass  Basin;  valley  in  San  Miguel  County Telluride. 

Jacks  Cabin;  station  in  Gunnison  County  on  Denver  and  Rio 

Grande  Railroa<l;  altitude,  8,298  feet. 
Jackson;  butte  in  Montezuma  County;  altitude,  5,320  feet. 
Jackson;  creek  in  Douglas  County,  a  left-hand  branch  of  Plum 

Creek,  tributary  to  South  Platte  River Platte  Canyon. 

Jackson;  mountain  in  Eagle  County. 

Jackson;  ridge  in  Montezuma  County I^  Plata. 

Jackson:  village  in  Gunnison  County;  altitude,  9,030  feet Ouray. 

Jacona;  station  on  Denver  and  Rio  Grande  Railroad;  altitude, 

6,270  feet. 
Jacque;  creek  in  Summit  County,  a  left-hand  branch  of  Ten- 
mile  Creek,  tributary  to  Snake  River Leadville. 

Jacque;  gulch  in  Summit  County,  tributary  to  West  Fork  Ten- rTenmile District Spe- 

mile  River.  I    cial. 

Jacque;  j>eak  in  Summit  County;  altitude,  13,215  feet Leadville. 

Jacque;  ridge  in  Summit  County fTenmile DistrictSpe- 

\    cial. 
Jagrgred;  mountain  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13,829  feet Needle  Mountains. 

James;  peak  in  Front  Range,  on  boundary  between  (iilpin. 

Grand,  and  Clear  Creek  count iej?;  altitude,  13,283  feet. 
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Jamestown;  village  in  Boulder  County;  population  in  1)^00, 

164;  altitude,  6,920  feet Boalder. 

Janeway;  village  in  Pitkin  County  on  Crystal  River  Railroad; 
altitude,  6,697  feet. 

Jansen;  station  in  Las  Animas  County  on  Atchison,  Topeka 
and  Santa  Fe  Railway;  altitude,  6,166  feet. 

Jarosa;  canyon  in  Las  Animas  County,  through  which  flows 

a  left-hand  branch  of  Apishapa  River Spanish  Peaks. 

Jarre;  creek  in  Douglas  County,  a  left-hand  branch  of  Plum 

Creek,  tributary  to  South  Platte  River Platte  Canyon. 

Jason;  station  in  Lake  County  on  Denver  and  Rio  Grande 
Railroad. 

Jasper;  village  in  Rio  Grande  County. 

Jay;  creek  in  Delta  County,  a  right-hand  branch  of  North  Fork 
Gunnison  River. 

Jay;  village  in  Ouray  County. 

Jefferson;  county  in  the  central  part  of  the  State;  Ijounded 
on  the  north  by  Boulder  County,  on  the  east  by  Adams, 
Arapahoe,  and  Douglas  counties,  on  the  south  by  Douglas 
and  Park  counties,  and  on  the  west  by  Park,  Clear  Creek, 
and  Gilpin  counties.  It  lies  mostly  in  the  foothills  of  Front 
Range,  including  in  the  northeast  a  small  area  of  high  rolling 
plain.  The  area  is  840  square  miles,  of  which  11  j^er  cent, 
or  61,224  acres,  were  under  cultivation  in  1900.  The  popu- 
lation in  1900  was  9,306,  and  of  Golden,  the  county  seat, 
2,152.  In  1900  the  average  magnetic  declination  was  13°  2y 
east.  The  mean  annual  rainfall  is  about  15  inches,  and  the 
mean  annual  temi)erature  45°  to  50°. 

Jefferson;  creek  in  Park  County,  a  left-hand  branch  of  Tarry- 
all  Creek. 

Jefferson;  ix>st  village  in  Park  County  on  Colorado  and 
Southern  Railway;  altitude,  9,500  feet. 

Jefferson;  station  in  Teller  County  on  Colorado  Springs  and 
Cripplfe  Creek  District  Railway. 

Jenks;  gulch  in  Boulder  County,  tributary  to  Jim  Creek Boulder. 

Jenny  Branch;  in  Las  Animas  and  Bent  counties,  a  right-hand 

branch  of  Muddy  Creek,  tributary  to  Arkansas  River Higbee. 

Jerome;  peak  in  Pitkin  County. 

Jim;  creek  in  Boulder  County,  a  right-band  branch  of  Left- 
hand  Creek,  tributary  to  South  St.  Vrain  Creek Boulder. 

Jim;  creek  in  Saguache  County,  a  left-hand  branch  of  Saguache 
River. 

Jimmy;  creek,  in  Larimer  County,  a  right-hand  branch  of 
Laramie  River. 

Jimmy  Camp;  creek  in  El  Paso  County,  a  left-hand  branch  of 

Fountain  Creek,  tributary  to  Arkansas  River O^lorado  Sprin«:p. 

Jimmy  Cemip;  station  in  El  Paso  County  on  a  8pur  of  Colorado 

and  Southern  Railway Colorado  Springs. 

Jimtown;  village  in  Mineral  County. 

John;  lake  in  Larimer  County. 

Johnny  Bull;  creek  in  Dolores  County,  a  left-hand  branch  of 

Dolores  River Rico. 
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Joh2i2iy  Bull;   mountain  in    San  Juan  Mountains,   Dolores 

County;  altitude,  12,018  feet Rico. 

JohiiBon;  creek  in  La  Plata  County,  a  left-hand  branch  of  Flor- 
ida River Needle  Mountains. 

Johnson;  ford  acKpss  Uncorapahgre  River;  altitude,  5,702  feet. 

Johnson;  station  in  El  Paso  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway;  altitude,  6,169  feet. 

JohnBon;  town  in  Jefferson  County. 

Johnsons;  station  in  Summit  County  on  Colorado  and  South- 
em  Railway. 

Johnstown;  post  village  in  Weld  County. 

Jones;  mountain  on  boundary  l^tween  Hinsdale  and  San  Juan 

counties;  altitude,  13,851  feet Silverton. 

Jones;  pass  in  Front  Range,  between  Clear  Creek  and  Grand 
counties. 

Jordan;  creek  in  Rio  Blanco  County,  a  right-hand  branch  of 
White  Kiver. 

Joy;  station  in  Pueblo  County  on  Denver  and  Rio  Grande 
Railroad. 

Juanita;  post  village  in  Archuleta  C/Ounty  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,329  feet. 

Jubb;  creek  in  Routt  County,  a  left-hand  branch  of  Yam  pa 
River. 

Julesbnrg;  post  town  and  county  st»at  of  Sedgwick  County  on 
Union  Pacific  Railroad;  population  in  1900,  371;  altitude, 
3,468  feet. 

Julien;  station  in  Logan  County  on  Burlington  and  Missouri 
River  Railroad. 

Jumping;  creek  in  Eagle  County,  a  right-hand  bninc!h  of 
Weary  Mans  Creek,  tributary  to  Eagle  River. 

Junction;  butte  in  Grand  County;  altitude,  8,266  feet. 

Junction;  creek  in  La  Plata  County,  a  right-hand  branch  of 

Animas  River Durango. 

Junction;  mountain  in  Routt  County;  altitude,  7,868  feet. 

Junction;  plateau  in  Routt  County. 

Junction;  station  in  Boulder  County  on  Colorado  and  Southern 
Railway. 

Jupiter;  peak  in  San  Juan  Mountains,  La  Plata  County;  alti- 
tude, 13,830  feet Needle  Mountains. 

Justice;  hill  in  Gilpin  County;  altitude,  8,722  feet Blackhawk. 

Kahnah;  creek  in  Mesa  County,  a  right-hand  branch  of  Gun- 
nison River. 

Kahnah;  station  in  Mesa  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  4,673  feet. 

Kalbaugrh;  town  in  Fremont  County. 

Kanes;  station  in  San  Juan  County  on  Denver  and  Rio  Grande 
Railroad. 

Katchout;  station  in  Gunnison  County  on  Colorado  and 
Southern  Railway. 

Kearney;  station  in  Denver  County  on  Denver  and  Rio 
Grande  Railroad. 

Kebler  Pass;  station  in  Gunnison  County  on  Denver  and  RIq 
Grande  Railroad;  altitude,  9,946  feet. 
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Keeldar;  station  in  Lake  County  on  Denver  and  Rio  <irande 
Railroad;  altitude,  9,959  feet. 

Keene;  station  in  Chaffee  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  9,291  feet. 

Keene;  station  in  Weld  County  on  Burlington  and  Missouri 

River  Railroad;  altitude,  4,970  feet Greeley. 

Kelker;  station  in  El  Paso  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  5,835  feet Colorado  Springs. 

Kellogrgs;   station  in  Gunnison  County  on  Denver  and  Rio 

Grande  Railroad Lake  City. 

Kelly;  lake  in  Jefferson  County Denver. 

Kelly;  spring  in  Pueblo  County Pueblo. 

Kelso,  Mount;  in  Summit  County. 

Kendall;  gulch   in  San  Juan  County,  tributary  t<3   Animas 

River Silverton. 

Kendall;  peak  in  San  Juan  Mountains,  San  Juan  County;  alti- 
tude, 13,480  feet Silverton. 

Kennedy;  gulch  in  Costilla  County,  tributary  to  Placer  Creek.  Huerfano  Park. 

Kenosha;  mountains,  a  spur  of  Front  Range,  separating  the 
branches  of  South  I'latte  River. 

Kenosha;  station  in  Park  County  on  (yolorado  and  Southern 
Railway;  altitude,  9,983  feet. 

Kenosha  Twin  Cones;  in  Kenosha  Mountains,  in  the  north- 
ern part  of  South  Park.  Altitudes — west,  12,340  feet;  east, 
12,350  feet. 

Kenwood;  station  in  Arapahoe  County  on  Colorado  and  South- 
ern Railway;  altitude,  5,534  feet Denver. 

Keota;  station  in  Weld  County  on  Burlington  and  Missouri 
River  Railroad;  altitude,  4,96«  feet. 

Kepner;  station  in  Las  Animas  County  on  Colorado  and  South- 
ern Railway.     Post-office,  Rugby. 

Kerber;  creek,  a  left-hand  branch  of  San  Luis  Creek. 

Kerr;  station  in  Fremont  County  on  Denver  an<l  Rio  Grande 
Railroad. 

Kersey;  post  village  in  Weld  County  on  Unitm  Pacific  Rail- 
road ;  altitude,  4,612  feet (ireeley. 

Kester;  village  in  Park  County. 

Kettle;  creek  in  Kl  Paso  County,  a  left-hand  branch  of  Beaver 

Creek,  tributary  to  Arkansas  River Castle  Rock. 

Keyes,  Mount;  in  Sawatch  Range;  altitude,  13,750  feet. 

Keystone;  station  in  San  Miguel  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,64()  feet Telluride. 

Keystone;  station  in  Sunnnit  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  9,161  feet. 

Kezar;  station  in  Gunnison  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,414  feet. 

Elilburn;  station  in  Kiowa  County  on  Missouri   Pacific  Riul- 

way ;  altitude,  4,305  feet Las  Animas. 

Kilburn;  village  in  Larimer  County. 

Kilpacker;  creek  in  Dolores  County,  a  right-hand  branch  of 

East  Dolores  River,  tributary  to  Dolores  River Telluride, 

Elilton;  station  in  Fremont  County  on  Denver  and  Rio 
Grande  Railroad. 
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Kimball;  creek  in  Mesa  County,  a  right-hand  branch  of 
Plateau  River. 

Ximbrell;  village  in  Saguache  County. 

Kimmerxnan;  lake  in  Larimer  County. 

Kincaid;  station  in  Huerfano  County  on  Denver  and  Rio 
Grande  Railroad. 

King:;  station  in  Douglas  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway;  altitude,  5,996  feet. 

Kingr;  village  in  Park  County  on  Denver  and  Rio  Grande  Rail- 
road; altitude,  8,173  feet. 

King  Center;  station  in  Otero  County  on  Missouri  F^ific 
Railway. 

King:  Reservoir;  artificial  lake  in  Kiowa  County;  altitude, 

3,860  feet Lamar. 

Kings;  station  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad.  » 

Kings  Flat;  valley  in  Gilpin  County Central  City  Special. 

King  Solomon;  gulch  in  Clear  Creek  County,  tributary  to 

Chicago  Creek Georgetown. 

King  Solomon;  mountain  in  San  Juan  Mountains,  San  Juan 

County Silverton. 

ICioWa;  county  in  the  eastern  part  of  the  State;  bounded  on 
the  north  by  Cheyenne  County,  on  the  east  by  Kansas,  on 
the  south  by  Bent  and  Prowers  counties,  and  on  the  west 
by  Otero  and  Lincoln  counties.  It  consists  of  rolling  plains 
and  Is  traversed  east  and  west  by  the  Missouri  Pacific  Rail- 
way. The  area  is  1,780  square  miles,  of  which  less  than 
one-half  of  I  per  cent,  or  4, 138  acres,  were  under  cultivation 
in  1900.  The  population  in  1900  was  701,  and  of  Sheridan 
Lake,  the  county  seat,  100.  In  1900  the  average  magnetic 
declination  was  12°  00^  east.  The  mean  annual  rainfall  is 
about  15  inches,  and  the  mean  annual  temperature  50°  to  55°. 

Kiowa;  creek  in  Elbert,  Arapahoe,  Morgan,  and  Weld  counties,  fCastle  Rock, 
a  right-hand  branch  of  South  Platte  River.  iDenver. 

Kiowa;  post  village  and  county  seat  of  Elbert  County. 

Kiowa;  springs  in  Kiowa  County Lamar 

KirV;  poet  village  in  Yuma  County. 

Kit  Osrson;  county  in  the  extreme  eastern  part  of  the  State; 
bounded  on  the  north  by  Washington  and  Yuma  counties, 
on  the  east  by  Kansas,  on  the  south  by  Cheyenne  County, 
and  on  the  west  by  Lincoln  County.  It  consists  of  rolling 
plains  and  is  traversed  east  and  west  by  the  Union  Pacific 
Railroad.  The  area  is  2,168  square  miles,  of  which  less 
than  2  per  cent,  or  19,581  acres,  were  under  cultivation  in 
1900.  The  population  in  1900  was  1,580  and  of  Burlington, 
the  county  seat,  183.  In  1900  the  average  magnetic  declina- 
tion was  12°  35^  east.  The  mean  annual  rainfall  is  about 
15  inches,  and  the  mean  annual  temperature  50°  to  55°. 

Kit  Carson;  peak  in  Sangre  de  Cristo  Range  on  boundary 
between  Custer  and  Saguache  counties;  altitude,  14,100 
feet 

Bull.  291—06 7 
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Kit  Carson;  poet  village  in  Cheyenne  County  on  Union  Pacific 

Railroad;  altitude,  4,284  feet Kit  Carson. 

Kline;  post  village  in  I^  Plata  County. 

Klink;  station  in  Adams  County  on  Burlington  and  Missouri 

River  Railroad. 

Knob;  mountain  in  Teller  County;  altitude,  10,235  feet /Cripple  Creek   Spe- 

l    cial. 

Knowltons;  station  in  Gunnison  County  on  Denver  and  Rio 
Grande  Railroad. 

Kobe;  station  in  Lake  County  on  Denver  and  Rio  Grande  Rail- 
road; altitude,  9,147  feet. 

Keen;  station  in  Prowers  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway;  altitude,  3,507  feet. 

Keen;  station  in  San  Miguel  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,870  feet 

Kokomo;    gulch  in   Summit  County,   tributary*'  to    Tenmile  fTenmile  District 
Creek.  i     Special. 

Kokomo;  poet  village  in  Summit  County  on  Colorado  and 

Southern  Railway;  altitude,  10,652  feet Leadville. 

Konantz;  post  village  in  Baca  County. 

Kramer;  creek  in  Pueblo  County,  a  left-hand  branch  of  Arkan- 
sas River Nejiesta. 

Kremmling;  post  village  in  Grand  County. 

Kuhna  Grossing;  poet  village  in  Elbert  County. 

Kutch;  post  village  in  Lincoln  County. 

La  Boca;  station  in  La  Plata  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,165  feet. 

Lacy;  station  in  Qtirfield  County  on  Colorado  Midland  Rail- 
way. 

Leuld;  creek  in  Routt  County,  a  left-hand  branch  of  Bear 
River,  tributary  to  Yam  pa  River. 

Leulder;  creek  in  Cheyenne  County,  a  right-hand  branch   of 

Smoky  Hill  River Cheyenne  Wello. 

Leulore;  post  village  in  Routt  County. 

Lafayette;  post  town  in  Boulder  County,  on  the  Colora<io 
and  Southern  and  the  Burlington  and  Missouri  River  rail- 
roads; population  in  1900,  970;  altitude,  5,094  feet Denver. 

La  Garita;  creek  in  Saguache  County,  flowing  into  a  sink. 

La  Garita;  hills  in  San  Juan  Mountains,  rising  from  the  west- 
ern edge  of  San  Luis  Valley,  just  north  of  Rio  (irande. 

La  Garita;  post  village  in  Saguache  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  7,551  feet. 

Laird;  post  village  in  Yuma  County  on  Burlington  and  Mis- 
souri River  Railroad;  altitude,  3,404  feet. 

La  Jara;  creek,  aright-hand  branch  of  Rio  Grande. 

La  Jara;  post  town  in  Conejos  County  on  Denver  and  Rio 
Grande  Railroad;  population  in  1900,  208;  altitude,  7,597 
feet. 

La  Junta;  county  seat  of  Otero  County  on  Atchison,  Topeka 
and  Santa  Fe  Railway;  population  in  1900,  2,513;  altitude, 
4,052  feet Timpas. 

La  Junta;  peak  in  San  Miguel  County Telluride. 

Xa  Junta  Baain;  valley  in  San  Miguel  County Telluride. 
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Lake;  county  near  the  center  of  the  State;  bounded  on  the 

north  by  J^le  and  Summit  counties,  on  the  east  by  Park 

County,  on  the  south  by  Chaffee  County,  and  on  the  west 

by  Pitkin  County.     It  includes  the  upper  valley  of  Arkan- 
sas River,  and  extends  from  the  summit  of  Park  Range  to 

that  of  Sa watch  Range.     The  area  is  393  square  miles,  of 

which  3  per  cent,  or  7,636  acres,  were  under  cultivation  in 

1900.    The  population  in  1900  was  18,054;  and  of  Leadville, 

the  county  seat,  12,455.     In  1900  the  magnetic  declination 

was  14°  20^  east.    The  mean  annual  rainfall  is  about  14 

inches,  and  the  mean  annual  temperature  40°  to  45°. 

!Lake;  creek  in  Lake  County,  inlet  to  Twin  Lakes Leadville. 

Liake;  gulch  in  Gilpin  County,  tributary  to  North  Clear  Creek.  Central  City  Special. 

Lake;  mesa  in  Boulder  County Denver. 

Lake;  station  in  Lincoln  County  on  I'nion  Pacific  Railroad; 

altitude,  5,299  feet. 
Lake  City;  post  town  and  county  seat  of  Hinsdale  County  on 

Denver  and  Rio  Grande  Railroad;  population  in  1900,  700; 

altitude,  8,675  feet Lake  City. 

Lake  City;  village  in  Pitkin  County. 

Lake  Greek;  pass  between  Lake  and  Gunnison  counties;  alti- 
tude, 12,226  feet. 
Lake  Fork;  in  Gilpin  County,  a  left-hand  branch  of  North 

Clear  Creek,  tributary  to  Clear  Creek Black  hawk. 

Lake  Fork;  in  Lake  County,  a  right-hand  branch  of  Arkansas 

River,  heading  in  North  and  South  forks Leadville. 

Lake  Fork;  in  Park  County,  a  left-hand  branch  of  East  Geneva 

Creek,  tributary  to  South  Platte  River Georgetown. 

Lake  Fork;  mountains  in  Hinsdale  County;  altitude,  13,722 

feet. 
Lake  Fork;   station  in   Lake  County  on  Colorado  Midlan<l 

Railway. 
Lake  Fork  Gunnison;  river  in  Gunnison  County,  a  left-hand 

branch  of  Gunnison  River Lake  City. 

Lake  Fork  San  Miguel;  river  in  San  Miguel  County,  a  left- 
hand  branch  of  San  Miguel  River Telluridc. 

Lake  George;  station  in  Park  County  on  Colorado  Midland 

Railway;  altitude,  7,963  feet Pikes  Peak. 

Lake  Hughes;  town  in  Ouray  County. 

Lake  Junction;  station  in  Gunnison  County  on  Denver  and 

Rio  Grande  Railroad;  altitude  7,225  feet. 
Lake  Junction;  station  in  Boulder  County  on  Colorado  and 

Southern  Railway. 
LcJce  Shore;  village  in  Hinsdale  County;  altitude,  9, 158  feet..  San  Cristobal. 
Lakewood;  station  in  Jefferson  County  on  Denver,  Lakewocxl 

and  Golden  Railroad. 
Lamar;  town  and  county  seat  of  Prowers  County  on  Atchison, 

Topeka  and  Santa  Fe  Railway;  population  in  1900,  987; 

altitude,  3,610  feet Lamar. 

Lamartine;  village  in  Clear  Creek  County;   altitude,   10,620 

feet Georgetown. 

Lamb;  post  village  in  Jefferson  County. 

Lamb;  moontainin  Park  County lieaAVAY^. 
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Lambom;  station  in  Kit  Carson  T'ounty,  on  Chicago,  Rock 
Island  and  Pacific  Railway. 

Lambom,  Mount;  in  Elk  Mountains,  Montrose  County;  alti- 
tude, 11,337  feet 

Lanark;  villa^  in  Saguache  County. 

Landsend;  peak  in  Elk  Mountains,  Montrose  County;  alti- 
tude, 10,634  feet. 

Landslide;  mountain  in  Grand  County. 

Landslip;  mountain  in  Dolores  County Rico. 

Landsman;  hill  in  Cheyenne  County;  altitude,  4,642  feet Kit  Carson. 

Landsman;  post  village  in  Yuma  County. 

Lang^ell;  station  in  Boulder  County  on  Colorado  and  North- 
western Railroad. 

Langford;  station  in  Boulder  County  on  Colorado  and  South- 
era  Railway. 

Lannons;  station  in  Pueblo  County  on  Denver  and  Rio 
Grande  Railroad. 

Lansing;  post  village  in  Yuma  County. 

Lapis;  station  in  Chaffee  County  on  Denver  and  Rio  Grande 
Railroad. 

La  Plata;  county  in  the  southwestern  part  of  the  State; 
bounded  on  the  north  by  San  Juan  County,  on  the  east  by 
Hinsdale  and  Archuleta  counties,  on  the  south  by  New 
Mexico,  and  on  the  west  by  ^lontezuma  County.  The 
northern  part  of  the  county  is  mountainous,  consisting  of 
a  part  of  San  Juan  Mountains.  The  remainder  is  made  up 
of  long  spurs  from  these  mountains  extending  southward. 
The  area  is  1,848  square  miles,  of  wiiich  1  per  cent,  or 
14,491  acres,  were  under  cultivation  in  1900.  llie  popula- 
tion in  1900  was  7,016;  and  of  Durango,  the  county  seat, 
3,317.  In  1900  the  average  magnetic  declination  was  13°  30^ 
east.  The  mean  annual  rainfall  is  about  16  inches,  and  the 
mean  annual  temperature  50°  to  55°. 

La  Plata;  mountains  forming  the  southwestern  part  of  San 

Juan  Mountains,  in  the  southwestern  part  of  the  State J^a  Plata. 

La  Plata;  peak  in  Sawatch  Range,  Chaffee  County;  altitude, 

14,342  feet I^eadville. 

La  Plata;  post  village  in  La  Plata  County La  Plata. 

La  Plata;  river  in  Colorado  and  New  Mexico,  a  ])ranch  of  San 
Juan  River,  heading  in  La  Plata  Mountains,  and  flowing 
southward  to  its  mouth  near  Farmington,  New  Mex 1^  Plata. 

La  Plata  Junction;  station  in  La  Plata  County  on  Denver  and 
Rio  Grande  Railroad. 

La  Porte;  post  village  in  Larimer  County;  altitude,  5,069  feet. 

Laramie;  lake  in  Larimer  County. 

Laramie;  river  in  Larimer  County,  a  right-hand  l>ranch  of 
North  Platte  River,  heading* in  Front  Range  and  flowing 
north  and  then  northeiist  into  Wyoming. 

Larimer;  county  in  the  extreme  northern  part  of  the  State; 

bounded  on  the  north  by  AVyoming,  on  the  east  by  Weld 

County,  on  the  south  by  Grand  and  Boulder  counties,  and 

on  the  west  by  the  summit  of  Park  Range.      The  eastern 

part  conaieta  of  rolling  plains,  while  the  ceiittal  part  is  trav- 
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I<ari|ner — Continued. 

ersed  by  Front  and  Medicine  Bow  ranges.  The  western 
portion  comprises  North  Park,  an  elevated  tract  of  rolling 
plain.  The  area  is  4,337  square  miles,  of  which  7  per  cent, 
or  180,353  acres,  were  under  cultivation  in  1900.  The  popu- 
lation in  1900  was  12,168;  and  of  Fort  Collins,  the  county 
seat,  3,053.  In  1900  the  average  magnetic  declination  was 
13°  25^  east.  The  mean  annual  rainfall  is  about  16  inches, 
and  the  mean  annual  temperature  40°  to  45°. 

Ijarimer;  station  in  Pueblo  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  5,780  feet. 

Larkspur;  butte  in  Douglas  County Castle  Rock. 

Larkspiir;  station  in  Douglas  County,  on  the  Atchison,  Topeka, 
and  Santa  Fe  and  the  Denver  and  Rio  Grande  railroads; 
altitude,  6,657  feet Castle  Rock. 

I^arson;  creek  in  Hinsdale  County,  a  left-hand  branch  of  Lake 

Fork  Gunnison  River Lake  City. 

Lasalle;  post  village  in  Weld  County  on  Union  Pacific  Rail- 
road; altitude,  4,676  feet Greeley. 

Las  Animas;  county  in  the  southern  part  of  the  State;  bounded 
on  the  north  by  Pueblo,  Otero,  and  Bent  counties,  on  the 
east  by  Baca  County,  on  the  south  by  New  Mexico,  and 
on  the  west  by  Huerfano  and  Costilla  counties.  Its  surface 
consists  of  rolling  plains  sparsely  settled  in  the  western 
part,  but  more  thickly  populated  in  the  eastern  portion, 
where  the  Atchison,  Topeka  and  Santa  Fe,  the  Colorado 
and  Southern,  and  the  Denver  and  Rio  Grande  railroads 
have  promoted  development.  The  area  is  4,802  square 
miles,  of  which  1  per  cent,  or  38,441  acres,  were  under  cul- 
tivation in  1900.  The  population  in  1900  was  21,842;  and 
of  Trinidad,  the  county  se^t,  5,345.  In  1900  the  average 
magnetic  declination  was  12°  00^  east.  The  mean  annual 
rainfall  is  about  15  inches,  and  the  mean  annual  tempera- 
tui-e  50°  to  55°. 

Las  Animas;  post  town  and  county  seat  of  Bent  County  on 
Atchison,  Topeka  and  Santa  Fe  Railway;  population  in 
1900,1,192;  altitude,  3,884  feet Las  Animas. 

Las  Animas;  river  in  Las  Animas  County,  a  left-hand  branch 
of  Purgatory  River. 

Lasauses;  post  village  in  Conejos  County. 

Las  Pines;  creek  in  Rio  Grande  County,  a  right-hand  branch 
of  Rio  Grande. 

Last  Chip  Junction;  station  on  Denver  and  Rio  Grande  Rail- 
road; altitude,  10,301  feet. 

Last  Dollar;  station  in  Teller  County,  on  the  Colorado  Springs 
and  Cripple  Creek  District  and  the  Florence  and  Cripple 
Creek  railroads. 

Last  Resort;  creek  in  Jefferson  County,  a  left-hand  branch  of 

North  Fork  South  Platte  River Platte  Canyon. 

Lanrium;  village  in  Summit  County. 

Lavalley;  post  village  in  Costilla  County. 

Lavender;  post  village  in  Dolores  County. 
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Laveta;  pass  on  boundary  between  Costilla  and   Huerfano 

counties. 
Laveta;  peak  in  Sangre  de  Cristo  Range,  Huerfano  County; 

altitude,  11,000  feet Huerfano  Park. 

Laveta;  post  town   in  Huerfano  County  on  Denver  and  Rio 

Grande  Railroad;  population  in  1900,  254;  altitude,  7,012 

feet.  ^ 

Laveta  Pass;  post  village  in  Costilla  County. 

Lawrence;  town  in  Teller  County;  population  in  1900,  299...  Tikes  Peak. 
Lawson;  post  village  in  Clear  Creek  County  on  Colorado  and 

Southern  Railway;  altitude,  8,126  feet. 
Lay;  creek  in  Routt  County,  a  right-hand  branch  of  Yainpa 

River. 
Lay;  post  village  in  Routt  County;  altitude,  6,200  feet. 
Laya;  station  in  Conejos  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  8,468  feet. 
Leadville;  county  seat  of  Lake  County,  on  the  Denver  and  Rio 

Grande,  the  Colorado  and  Southern,  and  the  Colorado  Mid- 
land railways;  an  important  mining  and  smelting  center; 

population  in  1900,  12,455;  altitude,  10,190  feet Leadville. 

Leadville  Forest  Reserve;  area  1,906  s(iuare  miles. 
Leadville  Junction;  station  in  Lake  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  9,747  feet. 
Leal;  post  village  in  Grand  County. 
Leander;  station  in  El  Paso  County  on  Denver  and  Rio  Grande 

Railroad. 
Leavenworth;   creek    in    Clear    Creek  County,  a  left-hand 

branch  of  South  Clear  Creek,  tributary  to  Cleiir  Creek (ieorgetown. 

Leavenworth;  gulch  in  Gilpin  County,   tributary   to  North 

Clear  Creek Central  City  Special. 

Leavenworth;  gulch  in  Jja  Plata  County,  tril)utary  to  Flagler 

Fork Durango. 

Leavenworth;  mountain  in   Clear  Creek   County;   altitude, 

10,390  feet (Georgetown. 

Leavick;  station. in  Park  County  on  Colorado  and  Southern 

Railway. 
Leeds;  station  in  Pueblo  County  on  Denver  and  Rio  (Jnmde 

Railroad;  altitude,  4,728  feet. 

Lee  Hill;  village  in  Boulder  County;  altitude,  7,518  feet Boulder. 

Lees;  village  in  Pueblo  County. 

Lefthand;  creek  in  Boulder  County,  a  right-hand  branch  of  JNiwot. 

St.  Vrain  Creek,  tributary  to  South  Platte  River.  [Boulder. 

Lehman;  post  town  in  Grand  County. 

Lena  Basin;  valley  in  San  Miguel  County Tellurida 

Lenado;  post  village  in  Pitkin  County. 

Lenore;  lake  in  Ouray  County Ouray. 

Lenox;  creek  in  Mesa  County,  a  right-hand  branch  of  Plateau 

River. 
Leon;  peak  on  plateau  in  Mesa  County;  altitude,  10,954  feet. 
Leon;  station  in  Garfield  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  6,427  feet. 
Leon  Park;  valley  in  Mesa  County. 
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Leonard;  post  village  in  San  Miguel  County. 
Leopard  Creek;  station  in  San  Miguel  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  8,598  feet. 
Lerouz;  creek  in  Delta  County,  a  right-hand  branch  of  Gunni- 
son River. 
Le  Koy;  post  village  in  Logan  County;  altitude,  4,380  feet. 
Leehers;  station  on   Colorado  and   Southern    Railway;  alti- 
tude, 5,333  feet. 
Leslie;  gulch  in  San  Miguel  County,  tributary  to  East  Dolores 

River * Telluride. 

Leslie;  village  in  Washington  County. 

Leviathan;  peak  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13,528  feet Needle  Mountains. 

Lewis;  creek  in  La  Plata  County,  a  left-hand  branch  of  La 

Plata  River La  Plata. 

Lewis;  creek  in  Logan  County,  a  left-hand  branch  of  South 

Platte  River. 

Lewis;  mountain  in  La-  Plata  County La  Plata. 

Leyden;  gulch    in    Jefferson    County,   tributary  to    Ralston 

Creek Denver. 

Liberty;  post  village  in  Saguache  County.     Railroad  name, 
*  Cottonwood. 

Liberty  Hall;  village  in  Weld  County Niwot 

Lida  Junction;  station  in  Lake  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  11,102  feet. 
Lidderdale;  station  in  Jefferson  County  on  Colorado  Midland 

Railway;  altitude,  8,071  feet. 
Ligrhtner;  creek  in  La  Plata  County,  a  right-hand  branch  of  jDurango. 

Animas  River,  originating  in  South  Fork.  [La  Plata. 

Lilie;  mountain  in  Front  Range,  Larimer  County;  altitude, 

11,433  feet. 

Lillie;  lake  in  La  Plata  County /. Needle  Mountains. 

Lillie;  station  in  Teller  County  on  Florence  and  Cripple  Creek 

Railroad;  altitude,  10,218  feet. 
Lillie  Junction;  station  on  Golden  Circle  Railroad;  altitude, 

10,244  feet. 
Lilly;  gulch  in  Jefferson  County,  tributary  to  South  Platte 

River ^ Denver. 

Lily;  post  village  in  Routt  County. 

Lilys  Park;  valley  in  Routt  County,  north  of  Yampa  River 

and  east  of  Snake  River. 
Lime;  creek  in  San  Juan  and  La  Plata  counties,  a  right-hand 

branch  of  Animas  River Needle  Mountains. 

Lime;  creek  in  Eagle  and  Pitkin  counties,  a  right-hand  branch 

of  Frying  Pan  Creek,  tributary  to  Roaring  Fork. 

Lime;  mesa  in  J^  Plata  County Needle  Mountains. 

Lime;  post  town  in  Pueblo  County.     Railroad  name,  Sonora. 
Lime;  station  in  San  Miguel  County  on  Denver  and  Rio  Grande 

Railroad. 
Lime  Creek;  station  in  Pitkin  County  on  Colorado  Midland 

Railway;  altitude,  8,060  feet. 
Limestone;  butte  in  Logan  County. 
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lameatone;  canyon  in  Garfield  County,  tributary  to  South 
Fork  White  River. 

lameatone;  creek  in  Bent  County,  a  left-hand  branch  of  Ar- 
kansas River Lamar. 

Limon;  post  village  in  Lincoln  County,  on  the  Union  Pacific, 
and  the  Chicago,  Rock  Island  and  Pacific  railways;  altitude, 
6,360  feet Limon. 

Lincoln;  county  in  the  eastern  part  of  the  State;  bounded  on 
the  north  by  Washington  County,  on  the  east  by  Kit  Car- 
son, Cheyenne,  and  Kiowa  counties,  on  the  south  by  Kiowa 
and  Otero  counties,  and  on  the  west  by  Elbert  and  El  Paso 
counties.  It  consists  of  rolling  plains,  and  is  traversed  by 
the  Union  Pacific  and  the  Chicago,  Rock  Island  and  Pacific 
railroads.  The  area  of  the  county  is  2,553  square  miles,  of 
which  one-half  of  1  per  cent,  or  8,195  acres,  were  under  cul- 
tivation in  1900.  The  population  in  1900  was  926;  and  of 
Hugo,  the  county  seat,  120.  In  1900  the  average  magnetic 
declination  was  12°  45^  east.  The  mean  annual  rainfall  is 
about  16  inches,  and  the  mean  annual  temperature  50°  to 
55°. 

Ijincoln;  lake  in  Clear  Creek  County;  altitude,  11,860  feet Geoi^getown. 

Lincoln,  Mount;  in  Park  Range,  on  boundary  between  Sum- 
mit and  Park  counties;  altitude,  14,297  feet I^ieadviile. 

Lindon;  post  village  in  Washington  County. 

Linton;  station  in  Saguache  County,  on  Denver  and  Rio  Grande 
Railroad. 

Little  Bear;  creek  in  Clear  Creek  County,  a  right-hand  branch 

of  Clear  Creek Georgetown. 

Little  Bear;  creek  in  Routt  County,  a  left-hand  branch  of  Forti- 
fication Creek,  tributary  to  Bear  River. 

Little  Beaver;  creek  in  Rio  Blanco  County,  a  right-hand 
branch  of  White  River. 

Little  Blue;  creek  in  Gunnison  County,  a  left-hand  branch  of 

Gunnison  River Lake  City. 

Little  Book;  cliffs  in  Garfield  and  Rio  Blanco  counties. 

Little  Buttes;  station  in  El  Paso  County  on  Denver  and  Rio 

Grande  Railroad ;  altitude,  5,345  feet Colorado  Springs. 

Little  Cimarron;  creek  in  Gunnison  County,  a  left-hand  branch 

of  Gunnison  River Lake  City. 

Little  Cottonwood;  creek  in  Freemont  County,  a  right-hand 
branch  of  Arkansas  River. 

Little  Cottonwood;  creek  in  Montrose  County,  a  right-hand 
branch  of  San  Miguel  River. 

Little  Crow;  creek  in  Weld  County,  a  right-hand  branch  of 
Crow  Creek,  tributary  to  South  Platte  River. 

Littledale;  station  in  Park  County  on  Colorado  Midland  Rail- 
way    Pikes  Peak 

Little  Deadwood;  gulch  in  I^  Plata  County,  a  left-hand  branch 

of  La  Plata  River I^  Plata. 

Little  Dolores;  creek  in  Mesa  County,  a  left-hand  branch  of 
Grand  River. 

Little  Dry;  creek  in  Arapahoe  County,  a  right-hand  branch  of 

South  Platte  River Denver. 
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liittle  Elk;  creek  in  Gunnison  and  Hinsdale  counties,  a  l^ft-  . 

hand  branch  of  Elk  Creek,  tributary  to  Lake  Fork  Gunni- 
son River Lake  City. 

Little  Evans;  gulch  in  Lake  County,  tributary  to  East  Fork 

Arkansas  River Leadville. 

Little  Fountain;  creek  in  El  Paso  County,  a  right-hand  branch 

of  Fountain  Creek,  tributary  to  Arkansas  River Colorado  Springs. 

Little  Qiant;  mountain  in  San  Juan  County Silverton. 

Little  Qiant  Basin;  valley  in  San  Juan  County Silverton. 

Little  Grizzly;  creek  in  Larimer  County,  a  left-hand  branch 

of  North  Platte  River. 
Little  Horse;  creek  in  Lincoln  County,  a  leftrhand  branch  of 

Horse  Creek,  tributary  to  Arkansas  River Sanborn. 

Little  Idaho;  creek  in  Weld  County,  a  right-hand  branch  of 

St. Vrain  Creek,  tributary  to  South  Platte  River Greeley. 

Little  Jim;  creek  in  Boulder  County,  a  left-hand  branch  of 

Jim  Creek,  tributary  to  Lefthand  Creek Boulder. 

Little  Lone  Cone;  summit  in  San  Miguel  County;  altitude, 

12,001  feet. 

Little  Pisgrah;  peak  in  Teller  County;  altitude,  9,822  feet Pikes  Peak. 

Little  Sacramento;  gulch  in  Park  County,  tributary  to  South 

Platte  River Leadville. 

Little  Scrag*^;  peak  in  Jefferson  County;  altitude,  9,640  feet.  Platte  Canyon. 
Little  Sheep;  mountain  in  Huerfano  County;  altitude,  9,600 

feet Huerfano  Park. 

Little  Silver  Basin;  valley  in  "Gunnison  County Anthracite. 

Little  Snake;  river  in  Routt  County,  a  right-hand  branch  of 

Yampa  River. 
Little  Texas;  creek  in  Fremont  County,  a  left-hand  branch  of 

Texas  Creek,  tributary  to  Arkansas  River. 
Little  Thompson;  creek  in  Weld  County,  aright-hand  branch 

of  Thompson  Creek,  tributary  to  South  Platte  River,  head- 
ing in  South  Branch Greeley. 

Littleton;  post  town  and  county  seat  of  Arapahoe  County  on 

Atchison,  Topeka  and  Santa  Fe  Railway;  population  in 

1900,  738;  altitude,  5,358  feet. 
Little  Union;  gulch  in  Lake  County,  tributary  to  Arkansas 

River Leadville. 

Little  Ute;  creek  in  Costilla  County,  a  right-hand  branch  of  • 

Ute  Creek,  tributary  to  Trinchera  River Huerfano  Park. 

Little  West;  creek  in  Teller  County,  a  left-hand  branch  of 

West^^reek,  tributary  to  South  Platte  River Platte  Canyon. 

Little  Winnie;  station  on  Denver  and  Rio  Grande  Railroad; 

altitude,  11,168  feet. 
Livermore;  post  village  in  Larimer  County. 
Livesey;  station  in  Pueblo  County  on  the  Atchison,  Topeka 

and  Santa  Fe  and  the  Denver  and  Rio  Grande  railroads; 

altitude,  4,783  feet. 
Living  Spring;  village  in  Adams  County. 
Lizard  Head;  summit  in  San  Juan  Mountains,  San  Miguel 

County;  altitude,  13,156  feet Telluride. 

Lizard  Head;  station  in  San  Miguel  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  10,238  feet. 
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I<obato8;  post  town  in  Conejos  County. 

Lockett;  post  village  in  Saguache  County. 

liOco;  post  town  in  Kit  Carson  County, 

Lodge;  lake  in  Pueblo  County Nepesta. 

Lodi;  station  in  Moi^gan  County,  on  Burlington  and  Missouri 
River  Railroad. 

Lodore;  canyon  in  Routt  County,  through  which  Green  River 
flows. 

Logan;  county  in  the  extreme  northern  part  of  the  State; 
bounded  on  the  north  by  Nebraska,  on  the  east  by  Sedg- 
wick and  Phillips  counties,  on  the  south  by  Washington 
County,  and  on  the  west  by  Weld  County.  It  consists  of 
lolling  plains,  and  is  traversed  by  South  Platte  River,  and 
by  the  Union  Pacific  and  the  Burlington  and  Missouri 
River  railroads.  Its  area  is  1,733  square  miles,  of  which  5 
per  cent,  or  57,639  acres  were  under  cultivation  in  1900. 
The  population  in  1900  was  3,292;  and  of  Sterling,  the 
county  seat,  998.  In  1900  the  average  magnetic  declina- 
tion was  13^  20^  east.  The  mean  annual  rainfall  is  about 
15  inches,  and  the  mean  annual  temperature  50°  to  55°. 

Logan;  hill  in  Boulder  County;  altitude,  7,700  feet Boulder. 

Logan;  village  in  Arapahoe  County. 

Logcabin;  post  town  in  Larimer  County. 

Logtown;  village  in  La  Plata  County Needle  Mountains. 

Lolitaj  station  in  Otero  County  on  Missouri  Pacific  Railway; 

altitude,  4,299  feet Catlin. 

Loma;  post  town  in  Mesa  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  4,515  feet. 

Loma;  town  in  Huerfano  County. 

Loma  Junction;  station  in  Huerfano  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  6,204  feet.  Post-oflSce, 
Walsen. 

London;  hill  in  Park  County Leadville. 

London  Junction;  station  in   Park  County  on  Denver  and 

Inter-Mountain  Railway l>eadville. 

Lone;  mesa  in  Dolores  County. 

Lone;  peak  in  Summit  County;  altitude,  11,300  feet. 

Lone  Cone;  summit  in  San  Juan  Mountains,  Dolores  and  San 
Miguel  counties;  altitude,  12,761  feet. 

Lone  Dome;  post  village  in  Montezuma  County. 

Lone  Jack;  canyon  in  Pueblo  and  Huerfano  counties,  tribu- 
tary to  Mustang  Creek Apishapa. 

Lone  Tree;  arroyo  in  Otero  and  Las  Animas  counties,  a  right- 
hand  branch  of  Timpas  Creek,  tributary  to  Arkansas  River. .  Timpas. 

Lone  Tree;  creek  in  Weld  County,  a  left-hand  branch  of  South 

Platte  River Greeley. 

Lonetree;  station  in  Gilpin  County  on  Colorado  and  Southern 

Railway Blackhawk.    • 

Long;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Spanish  Peaks. 

Long;  gulch  in  Boulder  County,  tri])utary  to  North  St.  Vrain 

Creek BouUler. 

Long  and  Derry;  hill  in  Lake  County  near  Leadville Leadville. 
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Long  Branch;  in  Lincoln  Ck)unty,  a  left-hand  branch  of  Rushj       J^'^* 
Creek,  tributary  to  Arkansas  River.  )  Sanborn. 

I  Arroyo. 

Longfellow;  station  in  Chaffee  County  on  Denver  and  Rio 
Grande  Railroad. 

Long  Hungry;  gulch  in  Teller  County,  tributary  to  Oil  Creek.  Pikes  Peak. 

Long  Junction;  station  on  Colorado  and  Southern  Railway; 
altitude,  6,194  feet. 

Longmeadow;  station  in  Park  County  on  Colorado  and  South- 
em  Railway;  altitude,  8,233  feet. 

Longmont;  post  town  in  Boulder  County,  on  the  Burlington 
and  Missouri  River  and  the  Colorado  and  Southern  rail- 
ways; population  in  1900,  2,201 ;  altitude,  4,941  feet Niwot. 

Longs;  canyon  in  Las  Animas  County,  tributary  to  Cimarron 

River;  altitude,  8,402  feet Mesa  de  Maya. 

Longs;  creek  in  southern  Colorado  and  New  Mexico,  a  right- 
hand  branch  of  Purgatory  River. 

Longs;  mesa  in  Las  Animas  County,  south  of  Mesa  de  Maya; 

altitude,  6,210  feet T Mesa  de  Maya. 

Longs;  peak  in  Front  Range,  Boulder  County;  altitude,  14,271 
feet. 

Longs  Canyon  Junction;  station  in  Las  Animas  County  on 
Denver  and  Rio  Grande  Railroad. 

Long  Scraggy;  peak  in  Jeffers<jn  County;  altitude,  8,210  feet.  Platte  Canyon. 

Lookout;  mountain  in  Fremont  County. 

Lookout;  peak  in  San  Juan  Mountains,  San  Miguel  County; 

altitude,  13,674  feet Telluride. 

Loop;  station  in  Teller  County  on  Florence  and  Cripple  Creek 
Railroad;  altitude,  9,113  feet. 

Lords;  station  on  Colorado  and  Southern  Railway;  altitude, 
5,352  feet 

Lorencito;  canyon  in  Las  Animas  County,  tributary  to  Purga- 
tory River Spanish  Peaks. 

Lorencito;  station  in  Las  Animas  County  on  Colorado  and 
Wyoming  Railway;  altitude,  6,724  feet. 

Loretto;  post  village  in  Arapahoe  County. 

Los  Angelos;  station  in  Teller  0)unty  on  Colorado  Springs 
and  Cripple  Creek  District  Railway. 

Los  Brazos;  village  in  Conejos  County. 

Los  Cerritos;  post  village  in  Conejos  County. 

Los  Pinos;  creek  in  Saguache  County,  a  left-hand  branch  of 
Cochetopa  Creek,  tributary  to  Tomichi  Creek. 

Los  Pinos;  station  in  Conejos  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  9,625  feet. 

Los  Pinos;  village  in  La  Plata  County;  altitude,  6,680  feet. 

Los  San  Jose;  village  in  Conejos  County. 

Lost;  canyon  in  Lake  and  Chaffee  (bounties,  tributary  to  Twin 

Lakes Lead ville. 

Lost;  canyon  in  Montezuma  County,  triljtitary  to  Dolores  River.   Rico. 

Lost;  creek  in  Clear  Creek  County,  a  right-hand  branch  of 

Bear  Creek,  tributary  to  South  Platte  River Georgetown. 

Lost  Canon;  station  in  Montezuma  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  6,943  feet. 
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Lostman;  gulch  in  Kit  Carson  and  Arapahoe  counties,  tribu- 
tary to  South  Fork  Republican  River. 

Lost  Park;  creek  in  Park  and  Jefferson  counties,  a  right-hand 
branch  of  South  Platte  River. 

I<08t  Park;  mountain  in  Park  County;  altitude,  11,800  feet. 

Lost  Park;  village  in  Park  County. 

liOst  Trail;  creek  in  Hinsdale  County,  a  left-hand  branch  of 

Rio  Grande San  Cristobal. 

Lost  Trail;  village  in  Hinsdale  County;  altitude,  9,538  feet. 

Lotus;  station  in  Ouray  County  on  Denver  and  Rio  Grande 
Railroad. 

Louisville;  post  town  in  Boulder  County  on  Colorado  and 
Southern  Railway;  population  in  1900,  906;  altitude,  5,382 
feet Denver. 

Louisville  Junction;  station  in  Boulder  County  on  Colorado 
and  Southern  Railway;  altitude,  5,340  feet. 

Love;  station  in  Teller  County  on  Colorado  Springs  and  Cripple 
Creek  District  Railway;  altitude,  9,690  feet. 

Loveland;  pass  between  Summit  and  Clear  Creek  counties; 
altitude,  11,876  feet. 

Loveland;  post  village  in  Larimer  County  on  Colorado  and 
Southern  Railway;  population  in  1900, 1,091;  altitude,  4,986 
feet. 

Low;  creek  in  Ouray  C'Ounty,  a  right-hand  branch  of  Cow 

Creek,  tributary  to  Uncompahgre  River Ouray. 

Lower  Beaver  Park;  valley  in  Teller  County Pikes  Peak. 

Lower  Muddy;  butte  in  Grand  County;  altitude,  9,370  feet. 

Lower  Park;  valley  in  La  Plata  County Needle  Mountains. 

Lowland;  station  in  Elbert  County  on  Union  Pacific  Railroad; 
altitude,  5,316  feet. 

Lucerne,  post  village  in  Weld  County  on  Union  Pacific  Rail- 
road; altitude,  4,749  feet Greeley. 

Ludlow;  post  village  in  Las  Anima«  County  on  Colorado  and 

Southern  Railway:  altitude,  6,295  feet Spanish  Peaks. 

Ludlum;  village  in  Yuma  County. 

Lujane;  post  village  in  Montrose  County. 

Lula;  village  in  Grand  County. 

Lulu;  pass  between  Larimer  and  Grand  counties. 

Lump;  gulch  in  Gilpin  County,  tributary  to  South  Boulder 

Creek Blackhawk. 

Lungens;  creek  in  Saguache  County,  a  left-hand  branch  of 
Saguache  River. 

Luning;  arroyoin  Las  Animas  County,  tributary  to  Purgatory 

River Elmoro. 

Lupton;  station  in  Weld  County  on  Union  Pacific  Railroad; 

population  in  1900,  214;  altitude,  4,909  feet Greeley. 

Luton;  creek  in  Chester  County,  a  left-hand  branch  of  Grape 
Creek,  tributary  to  Arkansas  River. 

Lyden;  creek  in  Jefferson  County,  a  left-hlind  branch  of  Rals- 
ton Creek,  tributary  to  South  Platte  River. 

Lykins;  gulch  in  Boulder  County Niwot. 

Lynch  Hun;  in  Routt  County,  a  left-hand  branch  of  South 
Fork  WiJJiams  River. 
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Lynn;  station  in  Las  Animas  County  on  Colorado  and  South- 
em  Railway;  altitude,  6,339  feet Spanish  Peaks. 

Lyons;  post  village  in  Boulder  County  on  Burlington  and 
Missouri  River  Railroad;  population  in  1900,  547;  altitude, 
6,349  feet Boulder. 

Lytle;  poet  village  in  El  Paso  County. 

McAllisterB;  station*  in  Eagle  County  on  Denver  and  Rio 
Grande  Railroad. 

McCall;  lake  in  Boulder  County Niwot 

McGarry;  gulch  in  Rio  Blanco  County,  tributary  to  Piceance 
Creek. 

McCarty  Basin;  valley  in  San  J uan  County Silverton. 

McCaidey;   peak  in  San  Juan  Mountains,  La  Plata  County; 

altitude,  13,551  feet Needle  Mountains. 

McClellan;  mountain  in  Front  Range,  Summit  County;  alti- 
tude, 13,423  feet. 

McClelland;  station  in  Larimer  County  on  Colorado  and 
Southern  Railway;  altitude,  5,053  feet. 

McCourt;  station  in  Fremont  County  on  Florence  and  Crip- 
ple Creek  Railroad;  altitude,  6,478  feet. 

McCoy;  post  village  in  Eagle  County. 

McEhno;  creek  in  Montezuma  County,  a  left-hand  branch  of 
Hovenweep  Creek,  tributary  to  San  Juan  River. 

McElmo;  post  village  in  Montezuma  County. 

McGtee;  station  in  Chaffee  County,  on  the  Colorado  Midland, 
and  the  Denver  and  Rio  Grande  railroads;  altitude,  8,658 
feet. 

McQinty;  station  in  Costilla  County  on  Denver  and  Rio 
Grande  Railroa*^!;  altitude,  7,553  feet. 

Mclntire;  creek  in  Larimer  County,  a  left-hand  branch  of 
Laramie  River. 

Mcintosh;  lake  in  Boulder  County Niwot. 

Mclntyre;  gulch  in  Ouray  County,  tributary  to  Red  Moun- 
tain Creek Silverton. 

Mclntyre;  mountain  in  Park  County Pikes  Peak. 

McSIinney;  town  in  Teller  County. 

McKissicks;  town  in  Weld  County. 

McKissock;  creek  in  Larimer  County,  a  left-hand  branch  of 
Buckhom  Creek,  tributary  to  Thompson  Creek. 

McMillan;  peak  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  12,800  feet Silverton. 

McMillan;  town  in  Huerfano  County. 

McNulty;   gulch  in  Summit  County,   tributary  to  TenmilefTenmile District Spe- 
Creek.  I    cial. 

Maber;  village  in  Montrose  County. 

Mac;  gulch  in  Fremont  County,  tributary  to  Currant  Creek  . .  Pikes  Peak. 

Machias;  station  in  Kit  Carson  County  on  Chicago,  Rock 
Island  and  Pacific  Railway ; altitude,  4,407  feet.  Post-oflSce, 
Claremont. 

Mack;  post  village  in  Mesa  County. 

Macks;  butte  in  Sedgwick  County. 

Macomber;  peak  in  San  Juan  County Silverton. 

Madden;  creek  in  La  Plata  County,  a  right-hand  branch  of 

La  Plata  River \A^\a.\». 
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Madden;  peak  on  boundary  between  Montezuma  and  I  a  Plata 

counties La  Plata. 

Madenos;  creek  in  Saguache  County,  a  left-hand  branch  of 

Mosca  Creek Huerfano  Park. 

Madenos;  pass  in  Huerfano  County Huerfano  Park. 

Madera;  station  in  Gunnison  County  on  Denver  and  Rio  Grande 
Railroad. 

Madrid;  post  village  in  Las  Animas  County  on  Colorado  and 

Wyoming  Railway;  altitude,  6,361  feet Spanish  Peaks. 

Maggie;  gulch  in  San  Juan  County,  a  left-hand   branch  of 

Animas  River Silverton. 

JULaggie  Onlch;  station  in  San  .Tuan  County  on  Silverton 
Northern  Railroad. 

Magnetic;  gulch  in  Montezuma  County,  tributary  to  Bear 

Creek La  Plata. 

Magnet  Park;  valley  in  Clear  Creek  County;  altitude,  10,212 

feet Georgetown. 

Magnolia;  post  village  in  Boulder  County Blackhawk. 

Magnolia;  station  in  Adams  County  on  Union  Pacific  Rail- 
road; altitude,  5,334  feet Denver. 

Magote;  post  village  in  Conejos  County. 

Magpie;  gulch  in  San  Miguel  County,  tributary  to  Bilk  Creek.  Telluride. 

Maher;  post  village  in  Montrose  County. 

Mainard;  town  in  Mesa  County. 

Maitland;  post  village  in  Huerfano  County  on  Denver  and 
Rio  Grande  Railroad. 

Majestic;  post  village  in  Las  Animas  County  on  Colorado  an<l 
Southern  Railway. 

Malachite;  post  village  in  Huerfano  County Huerfano  Park. 

Malcolm;  lake  in  Ouray  County Silverton. 

Maldonado;  post  village  in  I^a  Animas  County. 

Malta;  post  village  in  Lake  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  9,570  feet Leadville. 

Mam;  creek  in  Garfield  County,  a  left-hand  branch  of  Grand 
River,  originating  in  East  and  Middle  creeks. 

Mammoth;  canyon  in  Garfield  County,  tributary  to  (J rand 
River. 

Mammoth;  hill  in  Gilpin  County Central  City  Special. 

Manassa;  post  town  in  Conejos  County;  i)opulation  in  1900, 
739. 

Manchester;  lake  in  Gilpin  County Blackhawk. 

Manchester;  town  in  Denver  County  on  Colorado  and  South- 
ern Railway. 

Mancos;  post  town  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroa<l;  population  in  1900,  383;  altitude,  6,996 
feet. 

Manhattan;  village  in  Larimer  County. 

Manila;  station  in  Arapahoe  County  on  Union  Pacific  Rail- 
road. 

Manitou;  post  town  in  El  Paso  County,  on  the  Colorado  Mid- 
land, the  Manitou  and  Pikes  Peak,  and  the  Denver  and  Rio 
Grande  railroads;  population  in  1900,  1,303;  altitude  6,307 
feet Colorado  Springs. 
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Kanitoa  and  Pikes  Peak  Railway,  cogwheel  line  between 

Manitoa  and  the  summit  of  Pikes  Peak. 
Manitou  Iron  Spring;  station  on  Colorado  Midland  Railway; 

altitude,  6,538  feet. 
Manitoa  Junction;  station  in  El  Paso  County  on  Colorado 

and  Southern  Railway ;  altitude,  6,335  feet Colorado  Springs. 

Manitou  Park;  valley  in  Teller  County Platte  Canyon. 

Manoa;  post  village  in  Fremont  County. 

Mansfield;  town  in  Garfield  County;  altitude,  6,673  feet. 

Manville;  station  in  Prowers  County  on  Atchison,    Topeka 

and  Santa  Fe  Railway Granada. 

Manzanares;  town  in  Costilla  County. 

Manzanola;  post  village  in  Otero  County  on  Atchison,  Topeka  * 

and  Santa  Fe  Railway;  altitude,  4,249  feet. 
Marble;  post  town  in  Gunnison  County;  population  in  1900, 

101. 

Marcellina;  pass  in  Gunnison  County Anthracite. 

Marcellina, Mount;  in  Elk  Mountains,  Gunnison  County;  alti- 
tude, 1 1 ,349  feet Anthracite. 

Margaret;  town  in  Costilla  County. 

Marigold;  village  in  Teller  County Pikes  Peak. 

Marion;  town  in  Gunnison  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  7,53ii  feet. 
Marion;  station  in  Larimer  County  on  Colorado  and  Southern 

Railway. 
Mariposa;  creek  in  Archuleta  County,  a  right-hand  branch  of 

San  Juan  River. 
Marius;  village  in  Gunnison  County;  altitude,  8,710  feet. 
Marmot;  peak  in  Chaffee  County;  altitude,  11,841  feet. 
Maroon;  creek  in  Pitkin  County,  a  left-hand  branch  of  Roar- 
ing Fork,  tributary  to  Grand  River Aspen. 

Maroon;  lake  in  Pitkin  County Aspen. 

Maroon;   peak   in   Elk   Mountains,  Pitkin  County;  altitude, 

14,126  feet As|)en. 

Marshall;  creek  in  San  Miguel  County,  a  right-hand  branch 

of  San  Miguel  River Telluride. 

Marshall;    pass    in  Sa watch    Range,    between    Chaffee    and 

Saguache  counties. 
Marshall;  station  in  Boulder  County  on  Colorado  and  Southern 

Railway;  altitude,  5,500  feet.     Post-office,  Gorham Denver. 

Marshall;  station  in  Otero  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  4,018  feet. 

Marshall  Basin;  valley  in  San  Miguel  County Telluride. 

Marshall  Junction;  station  in  Boulder  County,  on  the  C/ol- 

orado  and  Southern  and  the  Union  Pacific  railroads Denver. 

Marshall  Park;  village  in  Clear  Creek  County. 

Marshall  Pass;  station  in  Saguache  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  10,846  feet. 
Martin;  post  village  in  Grand  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  3,720  feet. 

Martinez  Plaza;  village  in  Las  Animas  County Spanish  Peaks. 

Martinsen;  station  in  Las  Animas  County  on  Colorado  and 

Southern  Railway ;  altitude,  6,697  feet SpaniaVi B^»k&. 
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Marvine;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 

White  River;  discharge  near  Buford,  April  26  to  October 

13,  1904,  51,090  acre-feet. 
Marvine;  lakes  in  Rio  Blanco  County. 
Marvine;  village  in  Rio  Blanco  County. 
Marvine,  Mount;  in  White  River  Plateau,  Rio  Blanco  County; 

altitude,  12,046  feet. 
Maryland;  mountain  in  Gilpin  County;  altitude,  9,200  feet. . .  Central  City  Special. 
Mason;  canyon  in  Las  Animas  County,  tributary  to  Fui^tory 

River Timpas. 

Masonville;  post  village  in  Larimer  County. 

Massive,  Mount;  in  Sa watch  Range,  Lake  County;  altitude, 

14,424'feet Leadville. 

Masters;  station  in  Weld  County  on  Union  Pacific  Railroad; 

altitude,  4,451  feet. 
Mastodon;  gulch  in  San  Juan  County,  tributary  to  West  Fork 

Cinnamon  Creek Silverton. 

Matterhorn;  peak  in  San  Juan  Mountains,  Hinsdale  County; 

altitude,  13,589  feet Lake  City. 

Mattison;  station  in  Elbert  County  on  Chicago,  Rock  Island 

and  Pacific  Railway;  altitude,  5,787  feet Limon. 

Mavricio;  canyon  in  Las  Animas  County,  a  left-hand  branch 

of  Apishapa  River Spanish  Peaks. 

Maxey;  post  village  in  Baca  County. 

Maxwell;  creek  in  Chaffee  County,  a  right-hand  branch  of 

Arkansas  River. 
Maxwell;  Spanish  grant  ol  land  in  southern  part  of  Las  Ani- 
mas County Elmoro. 

Maxwell;  village  in  Las  Animas  County. 
Maximilian;  gulch  in  Clear  Creek  County,  tributary  to  Chi- 
cago Creek (Georgetown. 

May;  creek  in  Huerfano  County,  a  left-hand  branch  of  Huerfano 

River Huerfano  Park. 

Maybell;  post  village  in  Routt  County. 

Mayfield;  station  in  Ouray  County  on  Denver  and  Rio  (irande 

Railroad. 
Mayflower;  gulch  in  Summit  County,  tributary  to  Tenmile 

Creek Leadville. 

Mayflower;  hill  in  Summit  County jTenmile  DistrictSpe- 

I    cial. 
Mayne;  post  village  in  Huerfano  County  on  Colorado  and 

Southern  Railway;  altitude,  6,436  leet. 
Mayne  Junction;  station  in  Huerfano  County  on  Denver  and 

Rio  Grande  Railroad. 
Mayo;  station  on  Colorado  and  Southern  Railway;  altitude, 

10,172  feet. 
Maysville;  station   in  Chaffee  County  on  Denver  and    Rio 

Grande  Railroad;  altitude,  8,310  feet. 
Meadow;  creek  in  Larimer  County,  a  right-hand  branch  of 

Cache  la  Poudre  River. 
Meadow;  springs  in  Costilla  County. 

Mears;  station  in  Chaffee  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  8,434  feet. 
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Mears  Junction;  station  in  Chaffee  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  8,421  feet. 

Medicine  Bow;  range  in  the  northern  part  of  the  State,  a  spur 
from  Front  Range  separating  North  Platte  River  from  Lar- 
amie River. 

Medicine  Bow  Forest  Beserve;  area,  1,806  square  miles. 

Medio;  station  in  Pitkin  County  on  Crystal  River  Railroad* 
altitude,  8,688  feet. 

Medlen;  village  in  Jefferson  County. 

Meeker;  post  village  and  coimty  seat  of  Rio  Blanco  County; 
population  in  1900,  507;  altitude,  6,182  feet. 

Meeker;  town  in  Garfield  County  on  Denver  and  Rio  Grande 
Railn>ad. 

Meily ;  village  on  boundary  between  Pitkin  and  Lake  counties. 

Melville;  creek  in  Clear  Creek  County,  a  left-hand  branch  of 

Vance  Creek,  tributary  to  South  Platte  River Georgetown 

Melvin;  lake  in  Arapahoe  County Denver. 

Melvin;  station  in  Arapahoe  County  on  Colorado  and  Southern 

Railway;  altitude,  5,576  feet Denver. 

Melvina;  hill  in  Boulder  County;  altitude,  9,200  feet Boulder. 

Mendota;  peak  in  San  Miguel  County Telluride. 

Menefee;  mountains,  a  short  range  in  Montezuma  County La  Plata. 

Menefee;  peak  in  Montezuma  County;  altitude,  8,812  feet La  Plata. 

Menefee;  station  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,302  feet. 

Mender;  village  in  Laa  Animas  County ^  Spanish  Peaks. 

Menoken;  station  in  Montrose  County  on  Denver  and  Rio 
Grande  Railroatl ;  altitude,  5,544  feet. 

Mercer;  station  in  Logan  County  on  Burlington  and  Missouri 
River  Railroad;  altitude,  4,427  feet. 

Meredith;  hill  in  Otero  County;  altitude,  4,400  feet Catlin. 

Meredith;  post  village  in  Pitkin  County  on  Colorado  Midland 
Railway;  altitude,  7,775  feet. 

Meredith;  station  in  Otero  County  on  Missouri  Pacific  Railway; 

altitude,  4,308  feet Catlin. 

Meridian;  hill  in  Park  County Georgetown. 

Meridian;  lake  in  Gunnison  County Crested  Butte. 

Merino;  post  village  in  Logan  County  on  Union  Pacific  Rail- 
road; altitude,  4,033  feet. 

Mesa;  county  in  the  western  part  of  the  State;  bounded  on  the 
north  by  Garfield  County,  on  the  east  by  Pitkin,  Gunni- 
son, and  Delta  counties,  on  the  south  by  Montrose  County, 
and  on  the  west  by  Utah.  It  is  traversed  by  Grand  and 
Gunnison  rivers,  and  consists  mostly  of  plateaus  and  broad 
desert  valleys.  Its  area  is  3,309  stjuare  miles,  of  which  1} 
per  cent,  or  34,205  acres,  were  under  cultivation  in  1900. 
The  population  in  19C0  was  9,267,  and  of  Grand  Junction, 
the  county  seat,  3,503.  In  1900  the  average  magnetic  dec- 
lination was  14°  35""  east.  The  mean  annual  rainfall  is 
about  13  mches,  and  the  mean  annual  temperature  45°  to  50°. 

Mesa;  creek  in  Montrose  County,  a  right-hand  branch  of  Do- 
lores River. 

Bull.  291—06 8 
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Mesa;  creek  in  Mesa  County,  a  left-hand  branch  of  Plateau 
Creek,  tributary  to  Grand  River. 

Mesa;  peak  in  La  Plata  County;  altitude,  9,790  feet Durango. 

Mesa;  peak  in  Saguache  County;  altitude,  12,581  feet. 

Mesa;  post  village  in  Mesa  County. 

Mesa;  station  in  Adams  County  on  Union  Pacific  Railroa<l; 
altitude,  5^521  feet. 

Mesa;  station  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  8,123  feet. 

Mesa;  station  in  Pueblo  County  on  Denver  and  Rio  Granule 
Railroad;  altitude,  4,848  feet. 

Mesa  de  Maya;  plateau  in  the  southeastern  part  of  Las  Animas 

County Mesa  de  Maya. 

Mesa  Inclinado;  plateau  sloping  northward,  forming  a  part  of 
the  north  wall  of  (irand  Canyon  of  the  Gunnison  in  Mon- 
trose County. 

Mesa  Verde;  plateau  in  the  southwestern  part  of  the  State. 
It  is  dissected  by  Mancos  River  and  it*?  branches,  and  con- 
tains many  ruins  of  the  town-building  Indians;  altitude, 
8,500  feet. 

Metcalf;  station  in  Park  County  on  Coloraclo  Midland  Rail- 
way; altitude,  8,068  feet. 

Metz;  creek  in  Clear  Creek  County,  a  left-hand  branch  of 

Vance  Creek,  tributary  to  South  Platte  River Georgetown. 

Micanite;  post  village  in  Fremont  County. 

Michigran;  river  in  tarimer  County,  a  right-hand  branch  of 
North  Platte  River. 

Michig>an;  station  in  Park  County  on  Colorado  and  Southern 
Railway;  altitude,  9,448  feet. 

Michigan;  village  in  Larimer  County. 

Midas;  station  in  Lake  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  10,266  feet. 

Middle;  mountain  in  San  Juan  County Silverton. 

Middle  Basin;  valley  in  San  Miguel  County Telluride. 

Middle  Creek;  station  in  Huerfano  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  8,511  feet. 

Middle  Park;  high  mountain  valley  near  the  center  of  the 
State;  surface  consists  of  alternating  valleys  and  high 
ranges  of  the  second  order,  drained  westward  by  Grand 
River. 

Middle  St.  Vrain;  creek  in  Boulder  County,  a  left-hand 
branch  of  South  St.  Vrain  Creek,  tributary  to  St.  Vrain 
Creek Boulder. 

Middleton;  village  in  San  Juan  County Silverton. 

Midland;  ridge  in  Routt  County. 

Midland;  station  in  Teller  County  on  Colorado  Midland  Rail- 
way    Pikes  Peak. 

Midland  Basin;  valley  in  Routt  County. 

Midland  Terminal  Railway;  line  extending  from  Divide, 
Teller  County,  to  Cripple  Creek,  connecting  large  railway 
systems  with  the  mining  towns. 

Midway;  station  in  Teller  County  on  Colorado  Springs  and 
Cripple  Creek  District  Railway,  altitude,  10,4M  (eet. 
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Midway;  village  in  Chaffee  County;  altitude,  7,824  feet 

Midway;  village  in  Gunnison  County. 

Mildred;  village  in  Montezuma  County. 

Military  Junction;  station  in  Arapahoe  County  on  Denver 
and  Rio  Grande  Railroad;  altitude,  5,316  feet. 

Military  Park;  station  in  Arapahoe  County  on  Denver  and 
Rio  Grande  Railroad. 

Military  Post;  station  in  Arapahoe  County  on  Att'hison, 
Topeka  and  Santa  Fe  Railway. 

Milk;  creek  in  Routt  and  Rio  Blanco  counties,  a  left-hand 
branch  of  Yampa  River;  discharge  near  Axial,  April  20  to 
October  31,  1904,  18,140  acre-feet. 

Mill;  creek  in  Archuleta  County,  a  left-hand  branch  of  San 
Juan  River. 

Mill;  creek  in  Gunnison  County,  a  left-hand  branch  of  North 
Beaver  Creek,  tributary  to  Gunnison  River. 

Mill;  creek  in  Larimer  County,  a  left-hand  branch  of  Cache  la 
Poudre  River. 

Mill;  creek,  a  left-hand  branch  of  Clear  Creek,  tributary  to 
South  Platte  River. 

Mill;  creek  in  San  Miguel  County,  a  right-hand  branch  of  San 

Miguel  River Telluride. 

Mill;  creek  in  San  Juan  County,  a  right-hand  •branch  of  Min- 
eral Creek,  tributary  to  Animas  River Silverton. 

Mill;  station  in  Saguache  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  8,361  feet. 

Miller  Rock;  summit  in  Boulder  County;  altitude,  8,633  feet.  Boulder. 

Millet;  station  in  Washington  County  on  Burlington  and  Mis- 
souri River  Railroad. 

Mill  Qulch;  station  in  Jefferson  County  on  Colorado  and 
Southern  Railway;  altitude,  5,660  feet 

Millsap;  creek  in  Fremont  County,  a  left-hand  branch  of  Oil 
Creek,  tributary  to  Arkansas  River,  heading  in  West  and 
East  forks Pikes  Peak. 

Milner;  pass  between  Larimer  and  Grant  counties. 

Milton;  village  in  Saguache  County. 

Milwood;  station  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,640  feet. 

Minaret;  station  in  Gunnison  County  on  Colorado  and  Southern 
Railway. 

Miner;  gulch  in  Fremont  County,  tributary  to  Currant  Creek.  Pikes  Peak. 

Miner;  village  in  Larimer  County. 

Mineral;  countyin  the  southwestern  part  of  the  State;  bounded 
on  the  north  by  Hinsdale,  Saguache,  and  Rio  Grande  coun- 
ties, on  the  east  by  Rio  Grande  County,  on  the  south  by 
Archuleta  County,  and  on  the  we.st  by  Hinsdale  County. 
It  includes  part  of  the  San  Juan  Mountains.  Its  area  is  880 
square  miles,  of  which  one-half  of  1  per  cent,  or  2,929 
acres,  were  under  cultivation  in  1900.  The  population  in 
1900  was  1,913;  and  of  Creede,  the  county  seat,  235.  In 
1900  the  average  magnetic  declination  was  13°  50^  east. 
The  mean  annual  rainfall  is  about  11  inches,  and  the  mean 
annual  temperature  about  40^. 
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Kineral;  creek  in  San  Juan  CJounty,  a  right-hand  branch  of 

Animas  River,  heading  in  South  Mineral  Creek Silverton. 

Mineral;  hill  in  Teller  County j^"??'^  Creek  Spe- 

I    cial. 

Mineral  Basin;  valley  in  San  Juan  County Silverton. 

Mineral  Creek;  pass  in  San  Juan  County;  altitude,  11,098  feet. 

Mineral  Point;  summit  in  Elk  Mountains,  Gunnison  County; 

altitude,  12,541  feet Anthracite. 

Mineral  Wonder;  gulch  in  Ija  Plata  County,  tributary  to  Flag- 
ler Fork Durango. 

Mink;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of  White 

River. 
Minneapolis;  village  in  Baca  County;  altitude,  1^,935  feet...:  Albany. 
Minnehaha;  station  in  Kl  Paso  county  on  Manitou  and  Pikes 

Peak  Railway. 

Minnequa;  lake  in  Pueblo  (Jounty Pueblo. 

Minnequa;  station  in  Pueblo  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  4,795  feet.     Post-office,  Bessemer. 
Minnesota;  creek  in  Delta  County,  a  left-hand  branch  of  North 

Fork  Gunnison  River. 
Minnesota;  gulch  in  San  Juan  County,  tributary  to  Cement 

Creek Silverton. 

Minnie;  canyon  in  Otero  and  Las  Animas  counties,  tributary 

to  Purgatory  River Timpas. 

Minnie;  gulch  in  San  Miguel  County,  tributary  to  San  Miguel 

River Telluride. 

Minnie;  gulch  in  San  Juan  County,  a  left-hand  branch  of  Ani- 
mas River Silverton. 

Minnie ;  lake  in  Boulder  County Boulder. 

Minto;  station  in  Ix)gan  County  on  Burlington  and  MiHsouri 

River  Railroad;  altitude,  3,900  feet. 
Mintiirn;  post  village   in  Eagle  County  on  Denvt^r  and  Rio 

Grande  Railroad;  altitude,  9,815  feet. 
Mirag^e;  post  village  in  Saguache  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,618  feet. 
Mirage;  station  in  Lincoln  County  on  Union  Pacific  Railroad; 

altitude,  4,877  feet. 
Missouri;  gulch  in  I^  Plata  Coiuity,    tributary  to  Florida 

River Needle  Mountains. 

Missotiri;  gulch  in  Rio  Blanco  County,  tributary'  to  Picoance 

Creek. 
Missouri  Pacific  Railway;  one  of  the  large  sy totems  of  the 

country.     One  line  enters  Colorado  at  its  east  boundary 

and  runs  to  Pueblo. 
Mitchell;  creek  in  Garfield  County,  a  right-hand  branch  of 

Grand  River. 
Mitchell;  post  village  in  Eagle  County  on   Denver  and  Rio 

Grande  Railroad ;  altitude,  9,895  feet l^adville. 

Mitotes;  canyon  in  I>as  Animas  County,  tributary  to  Apishapa 

River Spanish  Peaks. 

Mitre;  p>eak  on  boundary  between  Teller  and  Fremont  coun- 
ties    Pikes  Peak. 

Modoc;  galch  in  Hinadale County, tributary  to  Henson  Creek.  Lake  City. 
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Modoc;  Btation  in  Teller  County  on  Florence  and  Cripple 

Creek  Railroad. 
Moffat;  poet  village  in  Saguache  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,568  feet. 

Molas;  lake  in  San  Juan  County';  altitude,  10,488  feet Needle  Mountains. 

Monarch;  pass  between  Gunnison  and  Chaffee  counties. 
Monarch;    station  in    Chaffee  County  on   Denver  and  Rio 

Grande  Railroad;  altitude,  10,018  feet. 
Monitor;  creek  in  Montrose  County,  a  left-hand  branch  of 

Gunnison  River. 
Monitor;  peak  in  San  Juan  Mountains,  La  Plata  County;  alti- 
tude, 13,703  feet Neeille  Mountains. 

Monon;  post  village  in  Baca  County. 

Monsoit;  station  on  Colorado  and  Southern  Railway;  altitude, 

6,400  feet. 
Monson;  station  in  Huerfano  County  on  Colorado  and  South- 
ern Railway. 
Mont  Alto  Park;  station  in  Boulder  County  on  Colorado  and 

Northwestern  Railroad Boulder. 

Montclair;  post  town  in  Denver  Count} ;  population  in  1900, 

415. 
Monte;  station  in  Lake  County  on  Denver  and  Rio  Grande 

Railroad. 
Montelores;  station  in  Montezuma  County  on  Denver  and  Rio 

Grande  Railroad ;  altitude,  8,442  feet Rico. 

Monte  Vista;  post  village  in  Rio  Grande  County  on  Denver 

and  Rio  Grande  Railroad;  population  in  1900, 556;  altitude, 

7,653  feet. 
Montezuma;  southwestern  county  of  the  State;  Ix^unded  on 

the  north  by  Dolores  (>)unty,  on  the  east  by  La  Plata 

County,  on  the  south  by  New  Mexico,  and  on  the  west  by 

Otah.     It  consists  almost  entirely  of  plateaus,  spurs,  and 

and  narrow  canyons,  and  includes  the  IJte  Indian  Reserva- 
tion.    The  area  of  the  county  is  2,113  square  miles,   of 

which  1  per  cent,  or  15,204  acres,  were  under  cultivation  in 

1900.     The  population  in   1900  w^a  3,058;  and  of  Cortez, 

the  county  seat,  125.     In  1900  the  average  magnetic  decli- 
nation was  13°  20''  east.     The  mean  annual  rainfall  is  about 

15  inches,  and  the  mean  annual  temperature  50°  to  55°. 
Montezuma;  post  village  in  Summit  County;  |K)pulation  in  . 

1900,  40;  altitude,  10,295  feet. 
Montezuma;  valley  in  Montezuma  County. 
Montezuma  Forest  Reserve;  area,  901  Sijuare  miles. 
Montroae;  county  in  the  western  part  of  the  State;  bounded 

on  the  north  l>y  Mesa  and  Delta  counties,  on  the  east  by 

Gunnison  and  Ouray  counties,  on  the  south  by  San  Miguel 

and  Ouray  counties,  and  on  the  west  by  Utah.    The  eastern 

part  includes  plains  in  the  valley  of  Gunnison  River  and 

also  the  broad  and  fertile  valley  of  the  Uncompahgre,  from 

which  rises  Uncompahgre  Plateau,  while  to  the  west  the 

land  drops  to  lower  plains,  through  which  Dolores  and  San 

Miguel  rivers  have  cut  valleys.    The  area  is  2,290  square 

milee,  of  which  2  per  cent,  or  36,884  acres,  were  under  cul- 
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Montrose — Continued. 

tivation  in  1900.  The  population  in  1900  was  4,535;  and  of 
Montrose,  the  county  seat,  1,217.  In  1900  the  average 
magnetic  declination  was  13°  W  east.  The  mean  annual 
rainfall  is  about  13  inches,  and  the  mean  amiual  tempera- 
ture 50°  to  55°. 

Montrose;  county  seat  of  Montrose  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  5,801  feet. 

Montville;  village  in  Costilla  County. 

Monument;  bluff  in  Mineral  County. 

Monument;  butte  in  Routt  County. 

Monument;  creek  in  El  Paso  County,  a  left-hand  branch  of 

Fountain  Creek,  tributary  to  Arkansas  River Colorado  Springs. 

Monument;  gulch  in  Ouray  County,  tributary  to  Red  Moun- 
tain Creek Silverton. 

Monument;  hill  in  La  Plata  County;  altitude,  10,820  feet Durango. 

Monument;  post  town  in  El  Paso  County,  on  the  Denver  and 
Rio  Grande  and  the  Atchison,  Topeka  and  Santa  Fe  rail- 
ways; population  in  1900,  156;  altitude,  7,001  feet Castle  Rock. 

Monument  Park;  valley  in  El  Paso  County,  north  of  Colorado 
Springs,  containing  many  curious  monuments  of  sandstone 
produced  by  wind  erosion. 

Moon  Anchor;  station  in  Teller  County  on  Colorado  Springs 
and  Cripple  Creek  District  Railway. 

Moores;  creek  in  Logan  and  Sedgwick  counties,  a  left-hand 
branch  of  South  Platte  River. 

Mooreville;  station  in  Jefferson  County  on  Colorado  and  South- 
ern Railway Denver. 

Moqui;  post  village  in  Montezuma  County. 

Moraine;  lake  in  El  Paso  County ;  altitude,  10,268  feet Colorado  Springs. 

Moraine;  town  in  Larimer  County;  altitude,  7,900  feet. 

Moraine  Park;  post  village  in  Larimer  County. 

Morgan;  county  in  the  northeastern  part  of  the  State;  bounded 
on  the  north  by  Weld  and  Logan  counties,  on  the  ea.st  by 
Logan  and  Washington  counties,  on  the  south  by  Washing- 
ton and  Adams  counties,  and  on  the  west  by  Weld  County. 
It  is  traversed  east  and  west  by  the  Union  Pacific  and  the 
Burlington  and  Missouri  River  railroads.  The  wide  valley 
of  the  South  Platte  extends  across  the  center,  and  to  the 
north  and  south  are  rolling  plains.  The  area  is  1 ,264  square 
miles,  of  which  5  per  cent,  or  43,282  acres,  were  under  cul- 
tivation in  1900.  The  population  in  1900  was  3,268;  and  of 
Fort  Morgan,  the  county  seat,  634.  In  1900  the  average 
magnetic  declination  was  13°  40^^  east.  The  mean  annual 
rainfall  is  about  11  inches,  and  the  mean  annual  tempera- 
ture 50°  to  55°. 

Morland;  town  in  El  Paso  County. 

Morley;  post  village   in  Las  Animas   County  on    Atchison, 

Topeka  and  Santa  Fe  Railway;  altitude,  6,739  feet Spanish  Peaks. 

Morris;  station  in  Garfield  County  on  Denver  and  Rio  Grande 
Railroad. 

Morrison;  mountain  in  Jefferson  County;  altitude,  7,900  feet.  Denver. 
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Morrison;  poet  village  in  Jefferson  County  on  Ck>lorado  and 

Southern  Railway ;  altitude,  5,766  feet , Denver. 

Morse;  town  in  Prowers  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  3,566  feet. 
Mortimer;  station  in  Costilla  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,092  feet.     Post-oflSce,  Trin- 

chera. 
Mosca;  creek  in  Saguache  County,  flowing  into  a  sink. 
Mosca;  pass  in  Sangre  de  Cristo  Range,  Huerfano  and  Saguache 

counties;  altitude,  9,713  feet Huerfano^Park. 

Mosca;  post  village  in  Costilla  County  on  Denver  and   Rio 

Grande  Railroad;  altitude,  7,562  feet. 
Moses;  creek,  a  left-hand  branch  of  Frazer  Creek,  tributary 

to  Grand  River. 
Mosquito;  gulch  in  Park  County,  tributary  to  South  Platte 

River i Leadville. 

Mosquito;  pass  in  Park  Range,   between    Lake   and    Park 

counties;  altitude,  13,185  feet Leadville. 

Mosquito;  peak  in  Park  Range,  on  boundary  between  Park 

and  Lake  counties;  altitude,  13,794  feet Leadville. 

Moss,  Mount;  in  La  Plata  Mountains,  Montezuma  County...  La  Plata. 

Mound;  village  in  Teller  County Pikes  Peak. 

Mounds;  station  in  Gunnison  County,  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,786  feet. 
Mountain;  creek  in  Gunnison  County,  a  right-hand  branch  of 

Gunnison  River. 
Mountaindale;  village  in  Park  County. 
Mountaineer;  creek  in  San  Juan  County,  a  left-hand  branch 

of  Cunningham  Creek,  tributary  to  Animas  River Silverton. 

Mountainvale;  village  in  Mesa  County. 

Mountainview;  station  in  El  Paso  County  on  Manitou  and 

Pikes  Peak  Railway. 
Mount  Carbon;  post  village  in  Gunnison  County  on  Colorado 

and  Southern  Railway;  altitude,  5,553  feet Anthracite. 

Mount  Carrizo;  plateau  in  Las  Animas  County Mount  Carrizo. 

Mountearl;  village  in  Larimer  County. 

Mount  Olivet;  station  in  Jefferson  County  on  Colorado  and 

Southern  Railway. 
Mount  Princeton;  station  in  Chaffee  County  on  Colorado  and 

Southern  Railway;  altitude,  8,179  feet. 
Mount  Vernon;  creek  in  Jefferson  County,  a  left-hand  branch 

of  Bear  Creek,  tributary  to  South  Platte  River. 
Muckawanag^o;  town  in  Pitkin  County. 

Mud;  canyon  in  Montezuma  County,  tributary  to  Rio  Mancos. 
Mud;  creek  in  Bent  County,  a  right-hand  branch  of  Arkansas  r Two  Butte. 

River.  t  Lamar. 

Mud;  creek  in  Gunnison  County,  a  right-hand  branch  of  Smith 

Creek. 
Muddy;  creek  in  Bent  County,  a  left-hand  branch  of  Rule 

Creek,  tributary  to  Arkansas  River Higbee. 

Muddy;  creek  in  Custer  and  Huerfano  counties,  a  left-hand 

branch  of  Huerfano  River Huerfano  Park. 
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Muddy;  creek  in  Grand  County,  a  right-hand  branch  of  Grand 
River. 

Muddy;  creek  in  La  Plata  County,  a  right-hand  branch  of  Big 

Bear  Creek,  tributary  to  San  Miguel  River Telluride. 

Muddy;  creek    in    Pueblo    County,    a    left-hand    branch    of 

Greenhorn  Creek,  tributary  to  St.  Charles  River Walsenburg. 

Muddy;  gap  in  Bent  County Higbee. 

Muddy  Greek;  pass  between  Larimer  and  (irand  counties; 
altitude,  8,772  feet. 

Mud  Lake  Basin;  valley  in  San  Miguel  County Telluride. 

Mudsill;  town  in  Park  County  on  Cf)lorado  and  Southern 
Railway;  altitude,  11,048  feet.     Post-office,  Doran. 

Mu^g^ins;  gulch  in  Larimer  County ,  tributary  to  Little  Thomp- 
son Creek. 

Muggins;  park  in  Larimer  County. 

Muldoon;  station  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,550  feet. 

Mulvane;  village  in  Baca  County Two  Butte. 

Mumm;  mountains  in  Larimer  County. 

Muriel;  post  village  in  Huerfano  County. 

Murphy;  creek  in  Arapahoe  County,  a  left-hand  branch  of 

Sand  Creek,  tributary  to  South  Platte  River Denver. 

Murphy;  station  in  Dolores  County  on  Denver  and  Rio  Grande 
Railroad. 

Murphy;  station  in  Teller  County  on  Midland  Terminal  Rail- 
way. 

Murrell;  station  in  San  Juan  County  on  Denver  and  RioGrande 
Railroad. 

Music;  pass  in  Sangre  de  Cristo  Range,  Custer  County Huerfano  Park. 

Muskig;  town  in  ¥A  Paso  County  on  Colorado  Midland  Riiil- 
way;  altitude,  8,742  feet. 

Mustang;  creek  in  Kiowa  County,  a  right-hand  branch  of 

Adobe  Creek,  tributary  to  Arkansas  River Las  Animas. 

Mustang;  creek  in  Las  Animas  County,  a  right-hand  branch 

of  Two  Butte  Creek,  tributary  to  Arkansas  River Mount  Carrizo. 

Mustang;  creek   in  Pueblo  County,  a    left-iiand   branch  of 

Apishapa  River,  tributary  to  Arkansas  River Apishapa. 

Kamaqua;  station  in  Larimer  County  on  Colorado  and  South- 
ern Railway. 

Namouna;  town  in  Cheyenne  County  on  Union  Pacific  Rail- 
road; altitude,  4,143  feet. 

Nantes;  station  in  Weld  County  on  Union  Pacific  liailroad; 

altitude,  4,755  feet Greeley. 

Naomi;  village  in  Summit  County. 

Narraquinep;  creek  in  Dolores  County,  a  left-hand  branch  of 
Dolores  River. 

Narraquinep;  hill  in  Dolores  County;  altitude,  8,141  feet. 

Narrow  Grade;  creek  in  Gunnison  County,  a  left-hand  l> ranch 

of  I^ke  Fork  (iunnison  River Lake  City. 

Nast;  village  in  Pitkin  County  on  Colorado  Midland  Railway; 
altitude,  9,061  feet. 

Nate;  creek  in  Ouray  County,  a  left-hand  branch  of  L<iw  Creek, 

tributary  to  Cow  Creek Ouray. 
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Kathrop;  post  village  in  Chaffee  County,  on  the  Denver  and 
Rio  Grande  and  the  Colorado  and  Southern  railways;  alti- 
tude, 7,686  feet. 

Katurita;  creek  in  Montrose  County,  a  left-hand  branch  of  San 
Miguel  River. 

Katurita;  poet  village  in  Montrose  County. 

Kavajo  Basin ;  valley  in  San  Miguel  County Telluride. 

Kavesink;  peak  in  Elkhead  Mountains;  altitude,  9,510  feet. 

Naylor;  lake  in  Clear  Creek  County;  altitude,  11,348  feet Georgetown. 

Kebo,  Moiint;  in  San  Juan  Mountains,  San  Juan  County;  alti- 
tude, 13,192  feet Nee<lle  Mountains. 

Kederland;  post  village  in  Boulder  County;  altitude,  8, 263  feet. 

Needle ;  buttes  in  Jefferson  County Platte  Canyon. 

Needle;  creek  in  La  Plata  County,  a  left-hand  branch  of  Animas 

River Needle  Mountains. 

Needle;  creek  in  Saguache  County,  a  right-hand  branch  of 
Tomichi  Creek,  tributary  to  Gunnison  River. 

Needle;  mountains,  group  of  San  Juan  Mountains,  San  Juan 

and  La  Plata  counties — Needle  Mountains. 

Needleton;  post  village  in  La  Plata  county  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,127  feet Neeille  Mountains. 

NefT;  lake  in  Weld  County Greeley. 

Nellie;  creek  in  Hinsdale  County,  a  left-hand  branch  of  Hen- 
son  Creek I^ke  City. 

Nemo;  station  in  Pueblo  County  on  Denver  and  Rio  Gran<le 
Railroad;  altitude,  5,675  feet. 

Nepesta;  post  village  in  Pueblo  County  on  Atchison,  Topeka 

and  Santa  Fe  Railway;  altitude,  4,384  feet Nepesta. 

Neptune;  creek  in  I^  Plata  County,  a  left-hand  branch  of  La 

Plata  River Ijsl  Plata. 

Nero;  hill  in  Otero  County;  altitude,  4,610  feet. 

Neuman;  lake  in  Weld  County Greeley. 

Nevada;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Central  City  Special. 

Nevada;  hill  in  Gilpin  County Central  City  Special. 

Nevadaville;  town  in  Gilpin  County;  population  in  1900,  823.  Central  City  Special. 

New  Castle;  post  village  in  Garfield  County  on  Denver  and 
Rio  Grande  Railroad;  population  in  1900,  431;  altitude, 
5,552  feet. 

Newdale;  station  in  Otero  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway. 

Newett;  post  village  in  Chaffee  County,  on  the  Colorado  Mid- 
land and  the  Denver  and  Rio  (^rande  railroads;  altitude, 
9,135  feet. 

Newlin;  creek  in  Douglas  ('ounty,  a  left-hand  branch  of  Cherry 

Creek,  tributary  to  South  Platte  River Denver. 

Newmire;  post  village  in  San  Miguel  County  on  Denver  and 

Rio  Grande  Railroad.     Railroad  name,  Wilson Telluride. 

Newton;  post  village  in  Yuma  County. 

New  Windsor;  post  village  in  Weld  County  on  Colorado  and 
Southern  Railway;  altitude,  4,796  feet.  Railroad  name, 
Windsor Greeley. 

New  York  Basin ;  valley  in  La  Plata  County Needle  Mountalna. 


122  GAZETTEER  OF  COLORADO. 

Atlas  sheet. 
Kiag^cura;  gulch  in  San  Juan  County,   tributary  to  Animas 

River Silverton. 

Niagara;  peak  in  San  Juan  Mountains  on  boundary  >)etween 

Hinsdale  and  San  Juan  counties 1 Silverton. 

Nichols;    station  in  Huerfano  County  on  Denver  and  Rio 

Grande  Railroad. 
Nigger  Hill;  station  in  Garfield  County  on  Denver  and  Rio 

Grande  Railroad Central  City  Special 

Kight  Hawk;   station  in  Douglas  County  on  Colorado  and 

Southern  Railway. 

Nipple;  mountain  in  Fremont  County;  altitude,  10,068  feet Pikes  Peak. 

Niwot;  post  village  in  Boulder  County  on  Colorado  and  South- 
em  Railway;  altitude,  5,100  feet Niwot. 

Koland;  village  in  Boulder  County. 

Noonans;  peak  in  Fremont  County Canyon  City. 

Korma;  village  in  Rio  Grande  County. 

Norrie;    post  village  in  Pitkin  County  on  Colorado  Midland 

Railway;  altitude,  8,431  feet. 
North;  canyon  in  Baca  County,  tributary  to  Cimarron  River.  Springfield. 

North;  creek,  a  left-hand  branch  of  St.  Charles  River Pueblo. 

North  Baldy;  summit  in  Costilla  County. 

North  Beaver;  creek  in  Gunnison  County,  aright-hand  branch 

of  Gunnison  River.  * 

North  Boidder;  creek  in  Boulder  County,  a  left-hand  branch 

of  Boulder  Creek,  tributary  to  St.  Vrain  Creek Boulder. 

North    Bozelder;    creek    in    Larimer   County,   a    left-hand 

branch  of  Boxelder  Creek,  tributary  to  Cache  I^  Poudre 

River. 
North  Butte;  creek  in  Prowers  County,  fork  of  Butte  Creek, 

tributary'  to  Arkansas  River Albany. 

North  Cheyenne;  creek  in  El  Paso  County,  fork  of  Cheyenne 

Creek,  tributar>'  to  Fountain  Creek Colorado  Springs. 

North  Cheyenne;   station  in  El  Paso  County  on  Colorado 

Springs  and  Cripple  Creek  District  Railway. 
North  Clear;  creek  in  Jefferson  and  Gilpin  counties,  a  lcft-]gj    i  i       , 

hand   branch  of  Clear  Creek,  tributary  to  South   Pl**'^*^  [ rj^ntral  Citv  Snerial 

River.  J 

North  Fork  Gunnison;  river  in  Delta  and  Gunnison  counties, 

a  right-hand  branch  of  Gunnison  River;  discharge,  near 

Hotchkiss  for  1904,  360,100  acre-feet. 
North  Fort  Morgan;  station  in  Morgan  County  on   I'nion 

Pacific  Railroad. 
North  Itfidian;  mountain  in  Elk  Mountains,  Gunnison  County; 

altitude.  13,225  feet Crested  Butte. 

North  Mam;  creek,  a  left-hand  branch  of  Grand  River. 
North  Mam;  summit  on  Battlement  Mesa,  (xarfield  County, 

altitude,  10,973  feet. 
North  Park;  level  mountain  valley  in  the  northern   part  of 

the  State,  drained  northward  by  North  Platte  River;  aver- 
age altitude,  8,000  feet. 
North  Platte;   river  in  Colorado,  Wyoming,  and  Nebraska, 

one  of  the  two  forks  of  Platte  River;  heads  in  North  Park, 

flows  nearly  north  to  its  junction  with  the  Sweetwater  in 
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Wyoming,  then  turns  somewhat  south  of  east,  and  after  a 
long  course  joins  the  South  Platte  in  western  Nebraska  near 
the  city  of  North  Platte;  discharge  at  Saratoga,  Wyo., 
January  1  to  December  10,  1904,  936,800  acre-feet. 

North  Rattlesnake;  butte  in   Huerfano  Ck)unty;  altitude, 

6,442  feet Apishapa. 

Northrop;  station  in  Boulder  CJounty  on  Union  Pacific  Rail- 
road. 

North  Bush;  creek,  a  left-hand  branch  of  Rush  Creek,  tribu- 
tary through  Big  Sandy  Creek  to  Arkansas  River. 

North  St.Vrain;  creek  in  Boulder  County,  a  left-hand  branch 

of  St  Vrain  Creek,  tributary  to  South  Platte  River Boulder. 

North  Sheep;  mountain  on  boundary  between  Summit  andfTenmile  District 
Eagle  counties;  altitude,  12,439  feet  I    Special. 

North  Star;  post  village  in  Gunnison  County. 

North  Table  Moimtain;  volcanic  mesa  near  Golden,  Jefferson 

County;  altitude,  6,650  feet Denver. 

North  Tarryall;  peak  in  Park  County. 

North  Veta;  creek  in  Huerfano  County,  a  left-hand  branch  of 

Cuchara  River,  tributary  to  Huerfano  River 1 Huerfano  Park. 

Norton;  post  village  in  Elbert  County. 

Norwood;  post  village  in  San  Miguel  County. 

Notaway;  station  in  San  Juan  County  on  Denver  and  Rio 
Grande  Railroad. 

No  Thoroughfare;  creek  in  Mesa  County,  a  left-hand  branch 
of  Uncompahgre  River. 

Nourse;  creek  in  Hinsdale  County,  a  left-hand  branch  of  Lake 

Fork  Gunnison  River Lake  City. 

Nuda;  post  village  in  Montrose  County. 

Nugget;  village  in  Gilpin  County. 

Nugget;  hill  in  Boulder  County;  altitude,  8,589  feet Boulder. 

Nuzna;  station  in  Otero  County  on  Missouri  Pacific  Railway; 

altitude,  4,325  feet Catlin. 

Nunn;  station  in  Weld  County  on  Union  Pacific  Railroad;  alti- 
tude, 5,188  feet 

NuBsbaum;  spring  in  Pueblo  County Pueblo. 

Nutria;  station  in  Archuleta  County  on  Denver  and  Rio  Grande 
Railroad. 

Nyburg;  station  in  Pueblo  County  on  the  Atchison,  Topeka 
and  Santa  Fe  and  the  Missouri  Pacific  railways;  altitude, 
4,548  feet Nepesta. 

Oak;  creek  in  Fremont  County,  a  right-hand  branch  of  Arkan- 
sas River Canyon  City. 

Oak;  creek  in  Huerfano  County,  a  right-hand  branch  of  Huer- 
fano River Huerfano  Park. 

Oak;  creek  in  Larimer  County,  a  left-hand  branch  of  Yampa 
River. 

Oak;  creek  in  Ouray  County,  a  left-hand  branch  of  Uncom- 
pahgre River Ouray. 

Oak;  creek  in  Routt  County,  a  left-hand  branch  of  Bear  Creek. 

Oak  Creek;  town  in  Fremont  County  on  Denver  and  Rio 
Grande  Railroad.    Post-office,  Williamsbui^. 
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Oak  Creek  Junction;  station  in  Fremont  County  on  Denver 
and  Rio  Grande  Railroad;  altitude,  5,194  feet. 

Oakes;  town  in  Arapahoe  County.    Post-office,  Sullivan. 

O'Brien  Junction;  station  in  Douglas  County  on  Denver  and 
Rio  Grande  Railroad. 

Observatory  Gone;  summit  in  Elk  Mountains,  Gunnison 
County;  altitude,  8,866  feet. 

Occidental;  station  in  Huerfano  County  on  Denver  and  Rio 
Grande  Railroad.  « 

Officers;  station  in  Summit  County  on  Denver  jind  Rio  Grande 
Railroad. 

Oh-be-joyful;  gulch  in  Gunnison  Cf^unty,  tributary  to  Slate 

River Anthracite. 

Oh-be-joyful;  peak  in  Gunnison  County Anthracite. 

Ohio;  creek  in  Gunnison  County,  a  right-hand  branch  of  Gun- 
nison River. 

Ohio;  gulch  in  San  Juan  County,  tributary  to  Cement  Creek. .  Silverton. 

Ohio;  pass  in  Gunnison  County;  altitude,  10,033  feet Anthracite. 

Ohio ;  peak  in  Elk  Mountains,  Gunnison  County ;  altitude,  1 2, 25 1 

feet Anthracite. 

Ohio;  peak  in  San  Juan  Mountains,  San  Juan  County Silverton. 

Ohio;  post  village  in  Gunnison  County  on  Colorado  and  South- 
em  Railway. 

Ohio  City;  station  in  Gunnison  County  on  Colorado  and 
Southern  Railway;  altitude,  8,556  feet. 

Ohwiler ;  ridge  in  La  Plata  County La  Plata. 

Oil;  creek  in  Fremont  County,  a  left-hand  branch  of  Arkansas fPikes  Peak. 
River.  I  Canyon  City. 

Ojo;  station  in  Costilla  County  on  Denver  and  Rio  Grande  Rail- 
road     Huerfano  Park. 

Ojo  Vallecito;  spring  in  Dolores  County;  altitude,  6,400  feet. 

Olathe;  post  village  in  Montrose  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  5,355  feet. 

Old  Baldy;  peak  in  Sangre  de  Cristo  Range,  Costilla  County; 

altitude,  14,176  feet Huerfano  Park. 

Old  Baldy;  summit  in  San  Juan  Mountains,  Ouray  County. 

Olivet,  Mount;  in  Jefferson  County. 

Olney;  post  village  in  Otero  County  on  Missouri  Pacific  Rail- 
way; altitude,  4,372  feet.     Railroad  name,  Olney  vSprings..  Catlin. 

Olympus,  Mount;  in  I^rimer  County. 

Omer;  post  village  in  Otero  County. 

Oneco;  village  in  Routt  County. 

Onion;  creek  in  Montrose  C<3unty,  a  right-hand  branch  of  Un- 
compahgre  River. 

Ophir ;  pass  in  San  Juan  County Telluride. 

Ophir;  post  town  in  San  Miguel  County  on  Denver  and  Rio 
(irande  liailroad;  population  in  1900,  127;  altitude,  9,224 
feet Telluride. 

Ophir  Needles;  summits?  in  San  Juan  Mountains,  San  Miguel 

County Telluride. 

Ophir  Station;  in  San  Miguel  County  on   Denver  and  Rio 

Grande  Railroad Telluride. 
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Oranola;  station  in  Kit  Carson  County  on  Chicago,  Rock 
Island  and  Pacific  Railway. 

Orchard;  poet  village  in  Morgan  County  on  Union  Pacific  Rail- 
road; altitude,  4,403  feet. 

Ords  Spur;  station  in  £1  Paso  County  on  Colorado  Midland 
Railway. 

Ordway;  post  town  in  Otero  County  on  Missouri  Pacific  Rail- 
way; population  in  1900,  138;  altitude,  4,300  feet. 

Oredell,  station  in  Boulder  County  on  Colorado  and  North- 
western Railway ;  altitude,  5, 723  feet Boulder. 

Org^an;  mountain  in  San  Juan  Mountains,  La  Plata  County...  Needle  Mountains. 

Orient;  village  in  Saguache  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  9,014  feet. 

Orient  Junction;  station  in  Saguache  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  7,963  feet. 

Orlando;  station  in  Huerfano  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  5,871  feet. 

Orman;  station  in  Huerfano  County  on  Denver  and  Rio  Grande 
Railroad. 

Orme^a;  station  in  Otero  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway. 

Ormus;  mountain  in  San  Juan  Mountains;  altitude,  12,185  feet. 

Omo,  Mount;  in  Rio  Blanco  County. 

Oro;  village  in  Lake  County Leadville. 

Oro  Fino;  summit  in  La  Plata  County;  altitude,  10,640  feet. . .  Durango. 

Oro  Fino  Mill;  village  in  La  Plata  County Durango. 

Oro  Grande;  station  in  Summit  County  on  Colorado  and  South- 
em  Railway. 

Oro  Junction;  station  in  Lake  County  on  Denver  and  Rio 
Grande  Railroad ;  altitude,  9,972  feet. 

Oro  Junta;  station  in  Fremont  County  on  Florence  and  Crip- 
ple Creek  Railroad;  altitude,  5,661^  feet. 

Orson;  village  in  Mesa  County. 

Ortega;  station  in  Eagle  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  6,828  feet. 

Ortiz;  post  village  in  Conejos  County. 

Osier;  post  village  in  Conejos  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  9,625  feet. 

Oso,  Mount;  in  San  Juan  Mountains,  Hinsdale  County;  alti- 
tude, 13,640  feet. 

Otero;  county  in  the  southeastern  part  of  the  State;  Iwunded 
on  the  north  by  Lincoln  County,  on  the  east  by  Kiowa  and 
Bent  counties,  on  the  south  by  Las  Animas  County,  and  on 
the  west  by  Pueblo  County.  Its  surface  consists  of  rolling 
plains,  traversed  east  and  west  by  Arkaneas  River  and  by 
the  Missouri  Pacific  and  the  Atchison,  Topeka  and  Santa 
Fe  railways.  Its  area  is  2,042  square  miles,  of  which  5  per 
cent,  or  68,036  acres,  were  under  cultivation  in  1900.  The 
population  in  1900  was  11,522;  and  of  La  Junta,  the  county 
seat,  2,513.  In  1900  the  average  magnetic  declination  was 
12°  30^  east.  The  mean  annual  rainfall  is  about  13  inches, 
and  the  mean  annual  temperature  45°  to  50°. 
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Otis;  post  village  in  Washington  County  on  Burlington  and 
Missouri  River  Railroad;  altitude,  4,348  feet. 

Otis;  station  in  Fremont  County  on  Denver  and  Rio  Grande 
Railroad. 

Otto;  gulch  in  San  Juan  County,  tributary  to  Animas  River. . .  Silverton. 

Otto;  station  in  Chaffee  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  8,202  feet. 

Ouray;  county  in  the  southwestern  part  of  the  State;  bounded 
on  the  north  by  Montrose  County,  on  the  east  by  Gunnison 
County,  on  the  south  by  Hinsdale,  San  Juan,  and  San  Miguel 
counties,  and  on  the  west  by  Montrose  and  San  Miguel 
counties.  The  southern  part  consists  of  high  mountains  of 
the  San  Juan  group,  while  the  northern  half  includes  a  part 
of  the  valley  of  Uncompahgre  River.  Its  area  is  557  square 
miles,  of  which  3  per  cent,  or  11,184  acres,  were  under  culti- 
vation in  1900.  The  population  in  1900  was  4,731;  and  of 
Ouray,  the  county  seat,  2,196.  In  1900  the  average  mag- 
netic declination  was  13°  45^  east.  The  mean  annual  rain- 
fall is  about  15  inches,  and  the  mean  annual  temperature 
about  40°. 

Ouray;  county  seat  of  Ouray   County  on  Denver  and  Rio 

Grande  Railroad ;  altitude,  7, 710  feet Ouray. 

Ouray;  peak  in  Sa watch  Range,  Chaffee  County;  altitude, 
13,956  feet. 

Ouray  Junction;  station  in  Montrose  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  5,826  feet. 

Overland,  mountain  in  Boulder  County;  altitude,  8,700  feet..  Boulder. 

Overland;  post  village  in  Denver  County  on  Colorado  and 
Southern  Railway.    Railroad  name,  Overland  Park. 

Overland;  village  in  Garfield  County. 

Overland  Park;  station  in  Denver  County  on  Denver  and 
Rio  Grande  liailroad.     Post-office,  Overland. 

Overland  Park  Junction;  station  in  Denver  County  on  Den- 
ver and  Rio  Grande  Railroad;  altitude,  5,262  feet. 

Overlook  Point;  summit  in  San  Juan  Mountains,  La  Plata 

County;  altitude,  12,995  feet .'.  Needle  Mountains. 

Overstep;  post  village  in  Gunnison  County  on  Denver  and 
Rio  Grande  Railroad. 

Overton;  station  in  Pueblo  County  on  Colorado  and  Southern 

Railway;  altitude,  4,902  feet Pueblo. 

Ovid;  station  in  Sedgwick  County  on  Union  Pacific  Railroad. 

Owen;  lake  in  Boulder  County Niwot. 

Owen,  Mount;  in  Elk  Mountains,  Gunnison  County;  altitude, 

13,102  feet Anthracite. 

Owen  Basin;  valley  in  Montezuma  County La  Plata. 

Owiyukuts;  plateau  in  Routt  County. 

Owl;  creek  in  Ouray  and  Gunnison  counties,  a  left-hand  branch 

of  West  Fork,  tributary  to  Cimarron  River Ouray. 

Owl;  gulch  in  Hinsdale  County,  tributary  to  Ilenson  Creek. . .  Lake  City. 

Owl;  gulch  in  San  Miguel  County,  tributary  to  San  Miguel 

River Telluride. 

Owl;  mountain  in  Larimer  County. 
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Owl;  poet  town  in  Larimer  County. 
Oyster;  lake  in  Rio  Blanco  County. 
Packard;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Central  City  Special. 

Packers;  gap  in  Otero  County Timpas. 

Pacona;  station  in  Saguache  County  on  Denver  and  Rio  Grande 

Railroad. 

Pactolus;  village  in  Gilpin  County Blackhawk. 

Padroni;  station  in  Logan  County  on  Burlington  and  Missouri 

River  Railroad;  altitude,  3,992  feet. 
Page;  creek  in  Routt  County,  a  left-hand  branch  of  South  Fork 

Williams  River. 
Pagoda;  peak  on  White  Mountain  Plateau,  Rio  Blanco  County; 

altitude,  11,257  feet. 
Pagoda;  post  village  in  Routt  County;  altitude,  6,500  feet. 
Pagosa;  peak  in  San  Juan  Mountains,  Mineral  County;  altitude, 

12,674  feet. 
Pagosa  Junction;  post  village  in  Archuleta  County  on  Den- 
ver and  Rio  Grande  Railroad;  altitude,  6,259  feet. 
Pagosa  Springn;   post  town  and  county  seat  of  Archuleta 

County;  population  in  1900,  367;  altitude,  7,095  feet. 

Paine;  mountain  in  Front  Range,  Clear  Creek  County Georgetown. 

Paine;  ridge  in  La  Plata  Mountains,  La  Plata  County La  Plata. 

Palisades;  post  village  in  Mesa  County,  on  the  Denver  and  Rio 

Grande  and  the  Colorado  Midland  railways;  altitude,  4,729 

feet. 
Palisades,  The;  mimmits  in  Larimer  County;  altitude,  8,200 

feet. 
Pallas;  post  village  in  Routt  County. 
Palmer;  lake  in  El  Paso  County. 
Palmer  Lake;  town  in  El  Paso  County  on  Denver  and  Rio 

Grande  Railroa^l;  population  in  1900,  166;  altitude,  7,224 

feet.     Post-office,  Palmer Caatle  Rock. 

Palmetto;  gulch  in  San  Juan  County,  tributary  to  Henson  Creek.  Silverton. 
Palo;  station  in  Fremont  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  7,139  feet. 
Pando;  post  village  in  Eagle  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  9,199  feet. 
Pandora;  village  in  San  Miguel  County;  altitude,  8,995  feet ..  Telluride. 
Paoli;  station  in  Phillips  County  on  Burlington  and  Missouri 

River  Railroad;  altitude,  3,873  feet. 
Paonia;  post  village  in  Delta  County;  altitude,  5,684  feet. 
Papoose;  creek  in  Dolore«  County,  a  left-hand  branch  of  Horse 

Creek,  tributary  U)  East  Dolores  River Rico. 

Parachute;  station  in  Garfield  County,  on  the  Denver  and  Rio 

Grande  and  the  Colorado  Midland  railways;  altitude,  5,105 

feet. 

Paradise  Basin ;  valley  in  San  Juan  County Telluride. 

Paradox;  post  village  in  Montrose  County. 

Paradox;  valley  in  Montrose  County. 

Pargin;  town  in  La  Plata  County. 

Park;  creek  in  Boulder  County,  a  right-hand  branch  of  Cave 

Creek,  tributary  to  St.  Vrain  Creek Boulder. 
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Park;  creek  in  Larimer  County,  a  left-hand  branch  of  Cache 
la  Poudre  River. 

Park;  creek  in  Park  and  Mesa  counties,  a  left-hand  branch  of 
Plateau  Creek,  tributary  to  Grand  River. 

Park;  county  in  the  center  of  the  State;  bounded  on  the  north 
by  Summit  and  Clear  Creek  counties,  on  the  east  by  Jeffer- 
son and  Teller  counties,  on  the  south  by  Fremont  County, 
and  on  the  west  by  Park  Range.  It  includes  South  Park, 
extending  to  the  summits  of  the  bordering  ranges.  Its 
area  is  2,084  square  miles,  of  which  3  i>er  cent,  or  40,258 
acres,  were  under  cultivation  in  1900.  The  population  in 
1900  was  2,998;  and  of  Fairplay,  the  county -eeat,  319.  In 
1900  the  average  magnetic  declination  was  14°  15^  east. 
The  mean  annual  rainfall  is  about  15  inches,  and  the  mean 
annual  temperature  about  40°. 

Park;  gulch  in  Park  County,  tributary  to  Tarryall  Creek. 

Park;  range  of  mountains  forming  the  west  wall  of  Middle  and 
South  parks;  includes  a  number  of  peaks  which  exceed 
14,000  feet  in  altitude;  it  is  cut  through  toward  the  north 
by  Grand  River  in  its  course  out  of  Middle  Park. 

Park;  station  in  Jefferson  County  on  Colorado  and  Southern 
Railway;  altitude,  6,462  feet. 

Park;  station  in  Park  County  on  Colorado  Midland  Railway; 
altitude,  8,740  feet. 

Park;  town  in  Teller  County  on  Colorado  Springs  and  Cripple 
Creek  District  Railway. 

Park  Basin;  valley  in  San  Miguel  County Telluride. 

Park  Gone;  summit  in  Gunnison  County;  altitude,  12,021  feet. 

Parkdale;   village  in  Fremont  County   on   Denver  and   Rio 

Grande  Railroad ;  altitude,  5, 788  feet Canyon  City. 

Parker;   post  village  in  Douglas  County    on  Colorado  and 

Southern  Railway ;  altitude,  5,861  feet Denver. 

Park  Ran^e  Forest  Reserve;  area  1,183  wjuare  miles. 

Park  View;  peak  in  Larimer  County;  altitude,  12,433  feet. 

Parkville;  town  in  Saguache  County. 

Parlin;  post  village  in  Gunnison  County,  on  the  Denver  and 
Rio  Grande  and  the  Colorado  Midland  railways;  altitude, 
7,942  feet. 

Parma;  station  in  Rio  Grande  County  on  Denver  and  Ric^ 
Grande  Railroad;  altitude,  7,604  feet. 

Parrott;  peak  in  La  Plata  Mountains,  La  Plata  County;  alti- 
tude, 11,876  feet ^. LaPlata. 

Parrott;  village  in  La  Plata  County;  altitude,  8,633  feet La  Plata. 

Parry;  peak  in  Front  Range,  Grand  County;  altitude,  13,133 
feet. 

Parson;  gulch  in  San  Juan  County,  tributary  to  South  Fork 

Animas  River Silverton. 

Pass;  bntte  on  boundary  between  Routt  and  Rio  Blanco 
counties. 

Pass;  creek  in  Grand  County,  a  right-hand  branch  of  JNIuddy 
Creek,  tributary  to  Grand  River. 

Pass;  creek  in  Gunnison  County,  a  right-hand  branch  of  Ohio 

Creekf  tribatary  to  Gunnison  River Anthracite. 
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Pass;  creek  in  Huerfano  County,  a  right-hand  branch  of  Huer- 
fano River Huerfano  Park. 

Pass;  creek  in  Saguache  County,  a  right-hand  branch  of  Co- 
chetopa  Creek,  tributary  to  Tomi(!hi  Creek. 

Pass;  mountain  in  Puma  Hills;  altitude,  11,200  feet. 

Pasture;  gulch  in  Montezuma  County,  tributary  to  East  Dolo- 
res River Rico. 

Pat;  canyon  in  Baca  County,  tributary  to  Cimarron  River Springfield. 

Patterson;  hollow  in  Otero  County,  tributary  to   Arkansas 

River Timpas. 

Pawnee;  buttes  in  Weld  County. 

Pawnee;  pass  in  Weld  County. 

Pawnee;  poet  village  in  Morgan  County. 

Paymaster;  town  in  Ouray  County. 

Payne;  station  in  Delta  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  5,279  feet. 

Pieabody;  station  in  Park  Coimty  on  Colorado  and  Southern 
Railway. 

Peach  Blow;  post  village  in  Eagle  County  on  Colorado  Mid- 
land Railway;  altitude,  7,087  feet. 

Pearl;  creek  in  Eagle  County,  a  right-hand  branch  of  Eagle 

River Leadville. 

Pearl;  hill  in  Eagle  County rTenmileDistrictSpe- 

I    cial. 

Pearl;  mountain  in  Elk  Mountains,  on  boundary  between  Pit- 
kin and  Gunnison  counties;  altitude,  13,484  feet Crested  Butte. 

Pearl;  pass  in  Elk  Mountains,  lietween  Pitkin  and  Gunnison 

counties;    altitude,  12,715  feet Crested  Butte. 

Pearl;  post  village  in  Larimer  County. 

Peck;  gulch  in  Boulder  County,  tributary  to  l^fthand  Creek..  Boulder. 

Peckham;  post  village  in  Weld  County  on  Union  Pacific  Rail- 
road ;  altitude,  4, 727  feet Greeley. 

Pecks;  creek  in  Pueblo  County,  a  right-hand  branch  of  Arkan- 
sas River Pueblo. 

Peconic;  station  in  Kit  Carson  County  on  Chicago,  Rock  Island 
and  Pacific  Railway. 

Pedee;  creek  in  Clear  Creek  County,  a  left-hand  branch  of  Bear 

('reek,  tributary  to  South  Platte  River Georgetown. 

Peeler;  peak  in  Elk  Mountains,  CJunnison  County;  altitude, 

12,219  feet Anthracite. 

Peeler  Basin;  valley  in  Gunnison  County Anthracite. 

Pegasus;  spring  in  Montezuma  County;  altitude,  5,650  feet. 

Pels;  station  in  Las  Animas  (bounty  on  Colorado  and  Southern 
Railway;  altitude,  7,525  feet. 

Pemberton;  town  in  Douglas  County. 

Pendleton;  mountain  in  Clear  Creek  County Georgetown. 

Penn  Junction;  station  in  Lake  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  11,132  feet. 

Pennsylvania;  gulch  in  Boulder  County,  tributary  to  Four- 
mile  Creek Boulder. 

Pennsylvania;  hill  in  Park  County Leadville. 

Peoria;  station  in  Arapahoe  County  on  Union  Pacific  Railroad. 

Bull.  291—06 9 
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Peri^o;  post  village  in  Gilpin  County. 

Perin;  town  in  La  Plata  County. 

Perrine;  peak  in  San  Juan  Mountains,  La  Plata  County Dnrango. 

Perry  Park;  post  village  in  Douglas  County Castle  Rock. 

Peterhead;  station  in  Jefferson  County  on  Colorado  and  South- 
em  Railway. 

Petersburg;  post  village  in  Arapahoe  County  on  Atchison, 

Topeka,  and  Santa  Fe  Railway;  altitude,  5,307  feet Denver. 

Peterson;    canyon  in  Pueblo  County,  tributary  to  Mustang 

Creek Apishapa. 

Pewabic;  mountain  in  Clear  Creek  County |      .,      *^     o**     P«" 

Peyton;    post  village  in   Elbert  County  on  Chicago,   Rock 

Island  and  Pacific  Railway;  altitude,  6,789  feet. 
Phelps;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River. . .  .^^ Spanish  Peaks. 

Phillips;  county  in  the  northeastern  part  of  the  State;  bounded 

on  the  north  by  Sedgwick  County,  on  the  east  by  Nebraska, 

on  the  south  by  Yuma  County,  and  on  the  west  by  Logan 

County.    The  surface  is  a  rolling  plain,  traverse<l  east  and 

west  by  the  Burlington  and  Missouri  River  Railroad.    The 

area  is  677  square  miles,  of  which  5  per  cent,  or  20,028 

acres,  were  under  cultivation  in  1900.     The  population  in 

1900  was  1,583;  and  of  Holyoke,  the  county  seat,  451.     In 

1900  the  average  magnetic  declination  was  1 3°  20-^  east.    The 

mean  annual  rainfall  is  about  14  inches,  and  the  mean 

annual  temperature  50°  to  55°. 
Picayune;  gulch  in  San  Juan  County,  tributary  to  Animas 

River Silverton. 

Piceance;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 

White  River. 
Piceance;  post  village  in  Rio  Blanco  County  on  Colorado  Mid- 
land Railway. 
Pictou;  post  village  in  Huerfano  County  on  Denver  and  Rio 

Grande  Railroad Walsenbui^g. 

Piedmont;  station  in  Ouray  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  7,099  feet. 
Piedmont  Junction;  station  on  Colorado  and  Wyoming  Rail- 
way; altitude,  6,290  feet. 
Piedra;  creek  in  Rio  Grande  County,  a  right-hand  branch  of 

Rio  Grande. 
Piedra;  post  village  in  Archuleta  County;  altitude,  6,520  feet. 
Piedra  Parada;  summit  in  Archuleta  County;  altitude,  8,200 

feet. 
Piedra  Pintada;  small  creek  in  Rio  Grande  County,  flowing 

into  a  sink. 
Pieplant;  post  village  in  Gunnison  County. 

Pierce;  gulch  in  Pueblo  County,  tributary  to  Beaver  Creek...  Pueblo. 
Pierce;  post  village  in  Weld  County  on  Union   Pacific  Rail- 
road; altitude,  5,034  feet. 

Pierson  Basin;  valley  in  Ouray  County Silverton. 

Pigeon;  peak  in  San  Juan  Mountains,  La  Plata  County;  alti- 

iude,  13,961  feet.. Needle  Mountains. 
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Pikes;  peak  in  Front  Range,  El  Paso  County ,  ascended  by 

Manitou  and  Pikes  Peak  Railway;  altitude,  14,107  feet  ...  Pikes  Peak. 
Pikes  Peak  Forest  Reserve;  area,  2,627  square  miles. 
Pikeview;  post  village  in  El  Paso  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,185  feet. 
Pikeville;  station  in  El  Paso  County  on  Denver  and  Rio 

Grande  Railroad Colorado  Springs. 

Pilot;  town  in  Cheyenne  County.  • 

Pilot  Knob;  summit  in  San  Juan  Mountains  on  boundary  be- 
tween San  Juan  and  San  Miguel  counties;  altitude,  13,750 

feet Telluride. 

Pine;  creek  in  Douglas  County,  a  left-hand  branch  of  South 

Cherry  Creek,  tributary  to  Cherry  Creek *. Denver. 

Pine;  creek    in    Fremont  County,  a  right-hand    branch  of 

Arkansas  River Canyon  City. 

Pine;  creek  in  Montezuma  County,  a  left-hand   branch  of 

Lost  Canyon  Creek,  tributary  to  Dolores  River Rico. 

Pine;  ci^k  in  Pitkin  County,  a  left-hand  branch  of  Castle 

Creek,  tributary  to  Roaring  Fork Aspen. 

Pine;' poet  village  in  Jefferson  County.     Railroad  name.  Pine 

Grove. 
Pine  Greek;  station  in  Chaffee  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,645  feet. 
Pine  Greek;  station  in  Lake  County  on  Denver  and    Rio 

Grande  Railroad. 
Pine  Grove;  station  in  Jefferson  County  on  Colorado  and 

Southern  Railway;  altitude,  6,749  feet.     Post-ofiice,  Pine..  Platte  Canyon. 
Pine  Ridge;  station  in  La  Plata  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,255  feet. 
Pine  River;  village  in  La  Plata  County;  altitude,  7,034  feet. 
Pinewood;  post  village  in  Larimer  County. 
Piney;  creek  in  Eagle  County,  a  right-hand  branch  of  Eagle 

River Leadville. 

Piney;  river  in  Eagle  County,  a  left-hand  branch  of  Grand 
'River. 

Pinkerton  Hot;  springs  in  La  Plata  County Durango. 

Pinkham;  creek  in  Larimer  County,  a  right-hand  branch  of 

North  Platte  River. 
Pinkhampton;  village  in  Larimer  County;  altitude,  8,000  feet. 
Pinnacle;  post  village  in  Routt  County. 
Pinnacle  Park;  station  in  Teller  County  on  Colorado  Springs 

and  Cripple  Creek  District  Railway. 
Pinneo;  station  in  Washington  County  on   Burlington  and 

Missouri  River  Railroad;  altitude,  4,376  feet. 
Pinon;  canyon  in  Los  Animas  County,  tributary  to  Purgatory 

River Higbee. 

Pinon;  mesa  in  Montezuma  County;  altitude,  6,269  feet. 

Pinon;  post  village  in  Montrose  County. 

Pinon;  ridge  in  Danforth  Hills,  Routt  County. 

Pinon;  station  in  Pueblo  (bounty,  on  the  Atcliinon,  Topeka  and 

Santa  Fe,  the  Colorado  and  Southern,  and  the  Denver  and 

Rio  Grande  railroads;   altitude,  5,026  feet.     Post-office. 

Dawkins. 
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Pinon;  valley  in  Rio  Blanco  County. 

Pinos;  creek,  a  left-hand  branch  of  Rio  Conejos,  tributary  to 
Rio  Grande. 

Pis^ah;  station  in  Teller  County  on  Colorado  Midland  Rail- 
way. 

Pisgah,  Moimt;  in  Teller  County;  altitude,  10,322  feet Pikes  Peak. 

Pitkin;  county  in  the  west-central  part  of  the  State;  bounded 
on  the  north  by  Garfield  and  Eagle  countidfe,  on  the  east 
by  Sawatch  Mountains,  on  the  south  by  Gunnison  County 
and  Elk  Mountains,  and  on  the  west  by  Mesa  County.  Its 
surface  consists  of  high  plateaus,  which  rise  on  the  east  to 
the  Sawatch  Range  and  on  the  south  to  Elk  Mountains, 
forming  the  divide  between  Roaring  Fork  and  Gunnison 
River.  The  area  is  983  square  miles,  of  which  2  per  cent, 
or  12,583  acres,  were  under  cultivation  in  1900.  The  pop- 
ulation in  1900  was  7,020;  and  of  Aspen,  the  county  seat, 
3,303.  In  1900  the  average  magnetic  declination  was  14° 
30^  east.  The  mean  annual  rainfall  is  about  14  inches,  and 
the  mean  annual  temperature  40°. 

Pitkin;  post  village  in  Gunnison  County  on  Colorado  and 
Southern  Railway;  population  in  1900,  203;  altitude,  9,190 
feet. 

Pittsburg;  village  in  Gunnison  County Anthracite. 

Placer;  creek  in  Costillti  County,  a  left-hand  branch  of  Sangre 

de  Cristo  Creek,  tributary  to  Trinchera  River Huerfano  Park. 

Placer;  station  in  Costilla  County  on  Denver  and  Rio  Grande 

Railroad Huerfano  Park. 

Placerville;  post  village  in  San  Miguel  County  on  Denver 
and  Rio  Grande  Railroad;  altitude,  7,309  feet. 

Placita;  station  in  Pitkin  County  on  Crystal  River  Railroad; 
altitude,  7,421  feet. 

Plain;  village  in  Summit  County. 

Plainview;  station  in  Jefferson  County  on  Denver,  North- 
western and  Pacific  Railway Blackhawk. 

Plara,  Mount;  in  Grand  County. 

Plateau;  creek  in  Mesa  and  Delta  counties,  a  left-hand  branch 
of  Grand  River. 

Plateau;  creek  in  Montezuma  County,  a  right-hand  branch  of 
Dolores  River. 

Plateau;  peak  on  White  River  Plateau,  Rio  Blanco  0)unty; 
altitude,  12,030  feet. 

Plateau;  station  in  Douglas  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,017  feet. 

Plateau  City;  post  village  in  Mesa  County. 

Platner;  staticm  in  Wanhington  County  on  Burlington  antl 
Missouri  River  Railroad;  altitude,  4,443  feet. 

Platoro;  village  in  Conejos  County. 

Platte;  mountain  in  Douglas  County;  altitude,  9,342  feet Platte  Canyon. 

Platte  Canyon;  station  in  Douglas  County  on  Colorado  and 

Southern  Railway;  altitude,  5,.")07  feet Platte  Canyon. 

Platte  Pulpit;  summit  at  the  east  of  the  canyon  of  South 
Platte  River;  altitude,  8,000  feet. 


GAZETTEER  OF  COLORADO.  133 

Atlas  sheet. 

Platte  River;  mountain  in  Front  Range,  forming  the  south  wall 
of  the  canyon  of  North  Fork  South  Platte  River. 

Platte  River;  station  in  Park  Ck)unty  on  Colorado  and  South- 
em  Railway. 

Platteville;  post  town  in  Weld  Coimty  on  Union  Pacific  Rail- 
road; population  in  1900,  263;  altitude,  4,820  feet Greeley. 

Pleasant;  valley  in  Gilpin  County i       •  i  «^  '  I   * 

Pleasant;  narrow  valley  on  Arkansas  River,  between  Sangre 
de  Cristo  Range  and  Arkansas  Hills. 

Pleasanton;  station  in  Fremont  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,469  feet.    Post-office,  Coaldale. 

Pleasant  Valley;  village  in  Ouray  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,271  feet. 

Plum;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Mesa  de  Maya. 

Plum;  creek  in  Douglas  County,  a  right-hand  branch  of  South 

Platte  River,  heading  in  East  and  West  Plum  creeks Castle  Rock. 

Plum;  creek  in  Prowers  County,  a  right-hand  branch  of  Ar- 
kansas River Albany. 

Plumb;  station  in  Boulder  County  on  Burlington  and  Mis- 
souri River  Railroad;  altitude  4,943  feet. 

Plumer;  town  in  Ouray  County. 

Plymoutli;  village  in  Baca  County Vilas. 

Pocahontas;  station  in  Garfield  County  on  Colorado  Midland 
Railway;  altitude,  7,213  feet. 

Pocono;  station  in  Saguache  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  10,306  feet. 

Point  Kara;  hill  in  Phillips  County. 

Point  Lookout;  summit  in  Gunnison  County. Crested  Butte. 

Point  liOokout;  summit  in  Montezuma  County;  altitude,  8,439 
feet. 

Point  Sublime;  station  in  £1  Paso  County  on  Colorado  Springs 
and  Cripple  Creek  District  Railway.     Post-office,  Sublime. 

Poison;  canyon  in  Huerfano  County,  tributary  to  Huerfano 

River Huerfano  Park. 

Poison;  creek  in  Eagle  County,  a  right-hand  branch  of  Grand 
River. 

Poison  Spring;  gulch  in  Montrose  and  Delta  counties,  tribu- 
tary to  Smith  Fork. 

Poitrey;  canyon  in  I.as  Animas  County,  tributary  to  Purga- 
tory River Mesa  de  Maya. 

Pole;  creek  in  Grand  County,  a  left-hand  branch  of  Frazer 
River,  tributary  to  Grand  River. 

Pole;  creek  in  Hinsdale  County,  a  left-hand  branch  of  Henson 

Creek,  tributary  to  Lake  Fork  Gunnison  River Lake  City. 

Pole;  creek  in  La  Plata  County,  a  left-hand  branch  of  Canyon 

Creek,  tributary  to  Animas  River Needle  Mountains. 

Pole  Greek;  mountain  in  Hinsdale  County;  altitude,  13,400 
feet. 

Pollocks;  village  in  I^rimer  County;  altitude,  5,329  feet 
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Poncha;  pass  between  the  south  end  of  Sawatch  Range  and  the 
north  end  of  Sangre  de  Cristo  Range,  connecting  Arkansas 
Valley  with  the  north  end  of  San  Luis  Valley;  altitude, 
9,049  feet. 

Poncha  Jiinction;  station  in  Chaffee  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  7,471  feet.  Post-office, 
Poncha  Springs. 

Poncha  Pass;  station  in  pass  of  same  name  in  Saguache  County 
on  Denver  and  Rio  Grande  Railroad;  altitude,  9,049  feet. 

Poncha  Spring;  post  town  in  Chaffee  County  on  Denver 
and  Rio  Grande  Railroad;  population  in  1900,  97;  altitude, 
7,480  feet.     Railroad  name,  Poncha  Junction. 

Pond;  creek  in  El  Paso  and  Lincoln  counties,  a  right-hand 
branch  of  Horse  Creek,  tributary  to  Arkansas  River. 
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Sanborn. 
Catlin. 
Big  Springs. 


Pony;  creek  in  Larimer  County,  a  tributary  to  North  Platte 

River. 
Pony;  creek  in  Routt  County,  a  left-hand  branch  of  Chimney 

Creek,  tributary  to  Bear  Creek. 

Pony;  gulch  in  Teller  County,  tributary  to  Oil  Creek Pikes  Peak. 

Pomeroy;  mountain  in  Chaffee  County. 

Pool;  creek  in  Routt  County,  a  left-hand  branch  of  Yampa 

River. 
Pool;  post  village  in  Routt  County. 
Popes  Nose;   summit  in  Saguache  County;   altitude,   12,274 

feet. 
Porcupine;  creek  in  Garfield  County,  a  left-hand  branch  of 

Grand  River. 
Porcupine;  gulch  in  San  Juan  County,  tributary  to  Auiinas 

River Silverton. 

Porcupine;  hill  in  Clear  Creek  County Georgetown. 

Porphyry;  gulch  in  San  Juan  County,  tributary  to  Mineral 

Creek Silverton. 

Porphyry;  mountain  in  Boulder  County;  altitude,  8,830  feet .  Boulder. 
Porphyry;  mountain  in  Eagle  County. 

Porphyry  Basin;  valley  in  Hinsdale  County Ouray. 

Porter;  post  village  in  La  Plata  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,012  feet. 
Portland;   creek  in  Ouray   County,  a  right-hand   ])ranch   of 

Uncompahgre  River Ouray. 

Portland;  post  village  in  Fremont  County  on  Atchinon,  Topeka 

and  Santa  Fe  Railway;  population  in  1900,  69;  altitude, 

7,260  feet Ouray. 

Portland;  station  in  Teller  County,  on  the  Colorado  Springs 

and  Cripple  ('reek  District,  the  Midland  Terminal,  and  the 

Florence  and  Cripple  Creek  railroads. 
Poso;  station  in  Las  Animas  County  on  Atchison,  Toi)eka  and 

Santa  Fe  Railway;  altitude,  5,608  feet. 

Potato;  butte  in  Las  Animas  County Mount  Carrizo. 

Potato;  gulch  in  Boulder  County,  tributary  to  Fourinile  Creek .  Boulder. 

Potato;  hill  in  San  Juan  County;  altitude,  1 1,H*W)  feet Kngineer  Mountain. 

Pot  Hole;  valley  in  Rio  Blanco  County. 
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Potosi;  peak  in  San  Juan  Mountains,  Ouray  County;  altitude, 

13,763  feet Silverton. 

Potter;  creek  in  Montrose  County,  a  left-hand  branch  of  Gun- 
nison River. 

Poug^hkeepsie;  gulch  in  San  Juan  County,  tributary  to  Un- 

compahgre  River Silverton. 

Poverty;  gulch  in  Gunnison  County,  tributary  to  Slate  River.  Anthracite. 

Poverty;  gulch  in  San  Miguel  County,  tributary  to  East  Dolo- 
res River Telluride. 

Poverty;  gulch  in  Teller  County \      P^  **^ 

Powder;  station  in  Pitkin  County  on  Denver  and  Rio  Grande 

Railroad. 
Powderhom;    post  village    in   Gunnison    County;   altitude, 

7,970  feet. 

Powell;  arroyo  in  Pueblo  County,  east  of  Apishapa  River Apishapa. 

Powell;  station  in  Logan  County  on  Union  Pacific  Railroad. 

Powell;  village  in  Las  Animas  County Spanish  Peaks. 

Powell,  Mount;  in  Park  Range,  Summit  County;  altitude, 

13,398  feet. 
Powell  Park;  valley  in  Rio  Blanco  and  Routt  counties  on 

White  River;  altitude,  6,000  feet. 
Power;  station  in  San  Juan  County  on  Silverton  and  Northern 

Railroad. 
Powers;  town  in  Dolores  County. 
Price;  village  in  Archuleta  County  on  Denver  and  Rio  Grande 

Railroad. 
Priest;  gulch  in  Montezuma  County,  tributary  to  ICast  Dolores 

River Rico. 

Primero;  poet  village  in  Las  Animas  County  on  Atchison, 

Topeka  and  Santa  Fe  Railway;  altitude,  6,903  feet. 
Primero  Junction;  station  in  Las  Animas  County  on  Colorado 

and  Wyoming  Railway;  altitude,  6,654  feet. 
Prince  Reservoir;  artificial  lake  in  Kiowa  County;  altitude, 

3,860  feet Lamar. 

Princeton;  station  in  Chaffee  County  on  Colorado  Midland 

Railway;  altitude,  8,249  feet. 
Princeton,  Mount;  in  Sa watch  Range,  Chaffee  County;  alti- 
tude, 14,196  feet 
Pring:;  station  in  El  Paso  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  6,780  feet. 
Proctor;  station  in  Logan  County  on  Union  Patnfic  Railroad. 
Promontory;  plateau  in  Routt  County. 
Prospect;  creek  in  San  Miguel  County,  a  left-hand  branch  of 

San  Miguel  River Telluride. 

Prospect;  gulch   in  San  Juan  County,  tributary  to  Cement 

Creek Silverton. 

Prospect;  hill  in  Phillips  County;  altitude,  8,893  feet. 

Prospect;  hill  in  Weld  County Greeley. 

Prospect;  mountain  in  Lake  County;  altitude,  12,618  feet Leadville. 

Prospect;  peak  in  Conejos  County;  altitude,  9,837  feet 

Prospect  Point;  summit  in  Gunnison  County Anthracite. 
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ProBser;  gulch  in  Gilpin  County,  tributary  to  Nortli  ClearCreek .  Central  City  Spei'jal. 
Providence;  town  in  (xunnison  County. 
Prowers;  county  in  the  southeastern  part  of  the  State;  bounded 

on  the  north  by  Kiowa  County,  on  the  east  by  Kansas,  on 

the  south  by  Baca  County,  and  on  the  west  by  Bent  County. 

Its  surface  consists  of  rolling  plains  and  is  traversed  east 

and  west  by  Arkansas  River,  and  by  Atchison,  Topekaand 

Santa  Fe  Railway.     The  area  is  1,602  square  miles,  of  which 

5  per  cent,  or  58,172  acres,  were  under  cultivation  in  1900. 

The  population  in  1900  was  3,766;  and  of  Lamar,  the  ctounty 

seat,  987.     In  1900  the  average  magnetic  declination  was 

12°  20^  east.     The  mean  annual  rainfall  is  alwut  15  inches, 

and  the  mean  annual  temperature  50°  to  55°. 
Prowers;  post  village  in  Bent  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway ;  altitude,  3,678  feet Lamar. 

Pruden;  village  in  Saguache  County. 

Pryor;  poet  village  in  Huerfano  County  on  Denver  and  Rio 

Grande  Railroad. 

Ptarmig^an;  hill  in  Eagle  County;  altitude,  12,174  feet i       .  .  '^ 

Ptamiig^an;  peak   in  Park    Range,  between  Park  and  Lake 

counties;  altitude,  13,746  feet I^adville. 

Pueblo;  county  in  the  southeastern  portion  of  the  State;  bounded 
on  the  north  by  El  Paso  County,  on  the  east  by  Otero  County, 
on  the  south  by  Huerfano  and  Las  Animas  counties,  and  on 
the  west  by  Fremont  and  Custer  counties.  The  surface 
consists  of  rolling  plains  traversed  east  and  west  ]>y  Arkan- 
sas River  and  by  Missouri  Pacific  Railway,  and  north  and 
south  by  the  Colorado  and  Southern  and  the  Denver  and 
Rio  Grande  railroatls.  The  area  is  2,447  square  miles,  of 
which  nearly  3  per  cent,  or  40,821  acres,  were  under  culti- 
vation in  1900.  The  population  in  1900  was  34,448;  and  of 
Pueblo,  the  county  seat,  28,157.  In  1900  tlie  average  mag- 
netic declination  was  13°  lO''  east.  The  mean  annual  rain- 
fall is  about  12  inches,  and  the  mean  annual  temperature 
40°  to  50°. 

Pueblo;  county  seat  of  Pueblo  County,  entered  by  five  rail- 
roads. It  lies  on  both  sides  of  Arkansas  River,  and  has 
many  smelters;  altitude,  4,675  feet Pueblo. 

Pueblo  Junction;  station  in  Pueblo  County, on  the  Atchison, 
Topeka  and  Santa  Fe,  and  the  Colorado  and  Southern  rail- 
ways; altitude,  4,()69  feet. 

PuUen;  village  in  Larimer  County. 

Pullman;  station  in  Denver  County  on  Cnion  Paoitic  Railroad; 
altitude,  5,193  feet.     Post-office,  P:iyria. 

Pultney;  station  in  Pueblo  County  on  Missouri  Pa(»ific  l^il- 
way;  altitude,  4,381  feet. 

Puma;  hills  in  Park  County,  a  part  of  Tarryall  Mountains. 

Pumpkin;  hollow   in    Pueblo  County,    tributary   to    Turkey 

Creek Pueblo. 

Puncha;  creek,  a  right-hand  branch  of  South  Arkansas  River, 
tributary  to  Arkansas  River. 

Punch  Bowl;  summit  in  Fremont  County. 
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Purgatory;  peak  in  Sangre  de  Cristo    Ran^,  Lat»  Animas 

CJounty;  altitude,  13,749  feet. 
Purgatory;  river,  a  right-hand  branch  of  Arkansas  River, 

heading  in  Sangre  de  Cristo  Range,  near  the  southern 

boundary  of  the  State,  flowing  in  a  general  nortlieasterly 

course  to  its  mouth  near  I.as  Animas. 
Purple;  peak  in  Elk  Mountains,  Gunnison  County. 
Putnam  Basin;  valley  in  San  Juan  County. 
Puzzle;  station  in  Summit  County  on  Colorado  and  S<»uthern 

Railway. 
Puzzler;  station  in  Boulder  County  on  Colorado  antl  North- 
western Railroad;  altitude,  8,699  feet. 
Pyke;  town  in  Saguache  County. 
Pyramid;  peak  in  Elk  Mountains,  Pitkin  County;  altitude, 

.  13,885  feet. 
Pyramid;  post  village  in  Rio  Blanco  County. 
Quaking  Aspen;  creek  in  P^agle  County,  a  left-hand  branch  of 

Grand  River. 
Quandary;  creek  in  Summit  County,  a  left-hand  branch  of 

Blue  River,  tributary  to  (irand  River Leadville. 

Quandary;  peak  in  Park  Range,  Summit  County;  altitude, 

14,266  feet Leadville. 

Quarry;  post  village  in  Montezuma  County  on  Denver  and  Rio 

Grande  Railroad Rico. 

Quartz;  hill  in  Gilpin  County Central  City  Special. 

Quartz;  station  in  Gunnison  County  on  Colorado  and  Southern 

Railway;  altitude,  9,642  feet. 

Quartz;  valley  in  Gilpin  County Central  City  Special. 

Quartzite;  group  in  the  highest  and  most  rugge<l  part  of  the 

San    Juan    Mountains,   so  named    because  composed  of 

quartzite. 

Queen  Basin;  valley  in  (^unnison  County Crested  Butte. 

Queen  of  the  West;  station  in  Summit  County  on  Denver  and 

Rio  Grande  Railroad. 
Queens  Chair,'  The;  summit  in  Gilpin  County;  altitude,  8,750 

feet Central  City  Special. 

Querida;  post  village  in  Custer  County Canyon  City. 

Quimby;   station  in    Arapahoe  County  on   Denver  and  Rio 

Grande  Railroad. 
Quinns;   station  in  Pitkin  County  on  Colorado  Midland  Rail- 
way. 
Babbit;  creek   in  Larimer  County,  a  right-hand   branch  of 

Cache  la  Poudre  River. 
Rabbit;  hills  in  Rio  Blanco  County. 

Babbit;  mountain  in  Boulder  County;  altitude,  6,015  feet Niwot. 

Babbit  Ears;  mountain  in  Routt  County;  altitude,  10,719  feet. 

.Radiant;  post  village  in  Fremont  County. 

Bagrans;  station  in  Gunnison  County  on  Denverand  Rio  Grande 

Railroad. 
Baggred;  mountain  in  Elk  Mountains,  Gunnison  County;  alti- 
tude, 12,481  feet. 
Balston;  butte  in  }k>ulder  County;  altitude,  10,593  feet. 
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RalBton;  creek  in  Jefferson  County,  a  left-hand  branch  of  Clear 

Creek,  tributary  to  South  Platte  River Denver. 

RalBton;  peak  in  Jefferson  County Denver. 

BaUton;  station  in  Jefferson  County  on  Union  Pacific  Rail- 
road; altitude,  5,695  feet Denver. 

RalBton  Junction;  station  in  Jefferson  County  on  Denver, 

Lakewood  and  Golden  Railroad. 
Bamah;  post  village  in  Elbert  County  on  Chicago,  Rock  Island 

and  Pacific  Railway;  altitude,  6,093  feet. 
Rampart;  range,  a  part  of  Front  Range,  extending  from  South 

Platte  River  to  Fountain  Creek. 

Bamshorn;  ridge  in  Ouray  County Ouray 

Banche;  creek,  right-hand  branch  of  Frazer  River,  tributary 

to  Grand  River. 
Band;  poet  village  in  Larimer  County. 
Bang^ely;  post  village  in  Rio  Blanco  County. 
Barick;  gulch  in  Gunnison  County,  tributary  to  Spring  Creek.  Crested  Butte. 

Baapberry;  butte  in  Douglas  County Castle  Rock. 

Baapberry;  creek  in  Rio  Blanco  County,  a  right-hand  branch 

of  South  Fork  White  River. 
Baapberry;  mountain  in  Teller  County;  altitude,  10,500  feet..  Pikes  Peak. 
Baspberry  Fork;  in  Larimer  County,  a  left-hand  branch  of 

North  Platte  River. 
Bathbone;  station  in  Pitkin  County  on  Colorado  Midland 

Railroad;  altitude,  7,496  feet. 
Baton;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Elmoro. 

Baton;  creek  in  Rio  Grande  County,  a  right-hand  branch  of 

Rio  Grande. 

Baton;  mesa  in  Las  Animas  County Elmoro. 

Battlesnake;  gulch  in  Boulder  County,  tributary  to  South 

Boulder  Creek Blackhawk. 

Battlesnake  Park;  in  Larimer  County. 

Baven;  hill  in  Teller  County f^'^  ^'^^  ^^ 

Baven;  post  village  in  Garfield  County. 

Baven;  ridge  in  Rio  Blanco  County,  extending  into  Utah. 

Baven  Park;  valley  in  Rio  Blanco  County. 

Baymer;  station  in  Weld  County  on  Burlington  and  Missouri 
River  Railroad;  altitude,  4,779  feet. 

Baymond;  station  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,349  feet. 

Bazor;  creek  m  Saguache  County  a  right-hand  branch  of 
Tomiclii  Creek,  tributary  to  Gunnison  River. 

Bead;  po8t  villajje  in  Delta  County. 

Becen;  village  in  Summit  County Leadville. 

Bed;  canyon  in  Baca  County,  tributary  to  Cimarron  River  ...  Springfield- 
Bed;  creek  in  Ciunnison  County,  a  right-hand  branch  of  Gun- 
nison River. 

Bed;  creek  in  Ouray  County,  a  right-hand  branch   of    Red 

Mountain  Creek,  tributary  to  Uncompahgre  River Silverton. 

Bed;  creek   in  Fremont  and   Pueblo  counties,  a  right-hand 

bmnch  of  Arkansas  River Pueblo. 


GAZETTEER  OF  COLORADO.  139 

Atlas  sheet. 
B«d;  gorge  in  Grand  County,  tributary  to  Grand  River. 

Red;  hill  in  Boulder  County;  altitude,  6,574  feet Boulder. 

Bed;  hill  in  La  Plata  County Durango. 

Bed;  hill  in  Teller  County f ''■Pf  ^"^^  ^^ 

Bed;  mountain  in  Gunnison  County. 

Bed;  mountain  in  San  Juan  Mountains,  Hinsdale  County;  alti- 
tude, 12,800  feet San  Cristobal. 

Bed;  mountain  in  Pitkin  County Aspen. 

Bed;  peak  in  Eagle  County;  altitude,  12,382  feet. 

Bed;  ridge  in  Teller  and  Fremont  counties Pikes  Peak. 

Bed  No.  8;  summit  in  San  Juan  Mountains,  on  boundary 
between  Ouray  and  San  Juan  counties;  altitude,  12,865 
feet Silverton. 

Bed  and  white;  mountain  in  Gore  Mountains,  Eagle  County. 

Bed  Canyon;  station  in  Garfield  county  on  Denver  and  Rio 
Grande  Railroad. 

Bedcliff;  post  town  and  county  seat  of  Eagle  County  on  Den- 
ver and  Rio  Grande  Railroad;  population  in  1900,  256;  alti- 
tude, 8,598  feet. 

Bedcloud;   gulch  in  Hinsdale  County,  tributary  to  Henson 

Creek Silverton. 

Bed  Cloud;  peak  in  Hinsdale  County;  altitude  14,050  feet San  Cristobal 

Bed  Dirt;  creek  in  Eagle  County,  a  right-hand  branch  of  Grand 
River. 

Bed  Hill;  gulch  in  Boulder  County,  a  right-hand  branch  of 

South  St  Vrain  Creek,  tributary  to  St.  Vrain  Creek Boulder. 

Bed  Hill;  station  in  Park  County;  altitude,  9,527  feet. 

Bed  Lion;  station  in  Logan  County  on  Union  Pacific  Railroad. 

Bed  Mountain;  creek  in  Ouray  County,  a  left-hand  branch  of 

Uncompahgre  River Silverton. 

Bed  Mountain;  gulch  in  Hinsdale  County,  tributary  to  Lake 

Fork  Gunnison  River San  Cristobal. 

Bed  Mountain;  post  town  in  Ouray  County  on  Silverton  Rail- 
road; population  in  1900,  30 Silverton. 

Bed  Bio  Grande;  a  right-hand  branch  of  Conejos  Creek. 

Bed  Bock;  canyon  in  Las  Animas  County,  tributary  to  Purga- ' 

tory  River Timpas. 

Bed  Bock;  peak  in  Routt  County. 

Bed  Bock;  station  in  Montezuma  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,688  feet. 

Bed  Bock  Basin;  valley  in  Routt  County. 

Bed  Sandstone;  creek  in  Eagle  County,  a  right-hand  branch 
of  Gores  Creek,  tributary  to  Eagle  River. 

Bed  Stone;  creek  in  Larimer  County,  a  left-hand  branch  of 
Buck  horn  Creek,  tributary  to  Thompson  Creek. 

Bedstone;  post  village  in  Pitkin  County  on  Denver  and  Rio 
Grande  Railroad. 

Bedstone  Junction;  station  on  Crystal  River  Railroad;  alti- 
tude, 7,202  feet. 

Bed  Table;  mountain  in  Eagle  County;  altitude,  11,600  feet. 

Bedwell  Basin;  valley  in  Gunnison  County Anthracite. 

Begnier;  post  village  in  Baca  County. 
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Beilley;  canyon  in  Las  Animas  County,  tributary  to  Purga- 
tory River Spanish  Peaks. 

Reilly;  butte  in  Jefferson  County. 

Remine;  creek  in  San  Miguel  County,  a  right-hand  branch  of 

San  Miguel  River Telluride. 

Reno;  station  in  Fremont  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  6,233  feet. 
Reno;  station  in  Phillips  County  on  Burlington  and  Missouri 

River  Railroad. 
Republican;  mountain  in  Front  Range,  Clear  Creek  County; 

altitude,  12,393  feet Georgetown. 

Republican;  river,  a  large  branch  of  Kansas  River,  heading 

in  North  and  South  forks. 
Reservoir;  lakes  in  Montezuma  County. 
Resolis;  post  village  in  Elbert  County  on  Chicago,  Rock  Island 

and  Pacific  Railway;  altitude,  5,576  feet Limon. 

Resolution;  creek  in  Eagle  County,  a  right-hand  branch  of 

Eagle  River Leadville. 

Resurrection;  town  in  Lake  County. 

Retreat;  creek  in  I^rimer  County,  a  right-hand  branch  of 

North  Platte  River. 
Rhone;  station  in  Mesa  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  4,522  feet. 

Rhyolite;  peak  in  Teller  County;  altitude,  10,776  feet Pikes  Peak. 

Rices;  station  in  Dolores  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  10,048  feet. 
Richards;  town  in  Park  County. 

Richmond;  hill  in  Pitkin  County ^ Aspen. 

Richmond;  mountain  in  Elk  Mountains,  Gunnison  County; 

altitude,  12,543  feet Anthracite. 

Richmond  Basin;  valley  in  Ouray  County Sil vertou. 

Richthofen,  Mount;  in  Larimer  County. 

Rico;  county  seat  of    Dolores  County   on    Denver  and  Rio 

Grande  Railroad;  population  in  1900,  811;  altitude,  8,725 

feet. 

Ridgre;  summit  in  La  Plata  County;  altitude,  7,714  feet Duranga 

Ridg'eway;  post  town  in  Ouray  County  on  Denver  and  Rio 

Grande  Railroad;  population  in  1900,  245;  altitude,  6,993 

feet.     Railroad  name,  Ridgeway  Junction. 
Rifle;  creek  in  Garfield  County,  a  right-hand  branch  of  Grand 

River,  originating  in  East  and  Middle  forks. 
Rifle;  post  town  in  Garfield  County  on  the  Denver  and  Rio 

Grande  and  the  Colorado  Midland  railways;  iKjpulation  in 

1900,  273;  altitude,  5,300  feet. 
Rincones;  village  in  Conejos  County. 
Rinn;  post  village  in  Weld  County. 
Rio  Alamoso;  river  in  Rio  Grande  and  Conejos  counties,  a 

right-hand  branch  of  Rio  Grande, 
Rio  Alma;  river  in  Mineral  County,  a  right-hand  branch  of 

Rio  Grande. 
Rio  Alma;  river  in  Saguache  County,  a  left-hand  branch  of 

Saguache  River. 
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Rio  Blanco;  county  in  the  northwestern  part  of  the  State; 
bounded  on  the  north  by  Routt  County,  on  the  east  by 
Routt  and  Garfield  counties,  on  the  south  by  Garfield 
County,  and  on  the  west  by  Utah.  Its  surface  consists 
mostly  of  plateaus,  sloping  toward  the  valley  of  White 
River,  which  centrally  traverses  the  county  from  east  to 
west.  Its  area  is  3,249  square  miles,  of  which  1  per  cent, 
or  21,846  acres,  were  under  cultivation  in  1900.  The  popu- 
lation in  19C0  was  1,690;  and  of  Meeker,  the  county  seat, 
507.  In  1900  the  average  magnetic  dec*lination  was  for 
the  eastern  part,  14°  20^  east,  and  for  the  western  part, 
15°  OO'  east.  The  mean  annual  rainfall  is  about  16  inches, 
and  the  mean  annual  temperature  40°  to  45°. 

Bio  Blanco;  river  in  Archuleta  County,  a  left-hand  branch  of 
San  Juan  River. 

Rio  Blanco;  post  village  in  Rio  Blanco  County. 

Rio  Chama;  river  in  Conejos  County,  a  left-hand  branch  of 
Rio  Grande. 

Rio  Conejos;  river  in  Conejos  County,  a  right-hand  branch  of 
Rio  Grande. 

Rio  Culebra;  river  in  Costilla  County,  a  left-hand  branch  of 
Rio  Grande. 

Rio  del  Codo;  river  in  San  Miguel  County,  a  right-hand 
branch  of  San  Miguel  River. 

Rio  de  los  Finos;  river  in  La  Plata  County,  a  right-hand 
branch  of  San  Juan  River. 

Rio  Dolores  Chiquita;  river  in  Mesa  County,  a  right-hand 
branch  of  Dolores  River. 

Rio  Domin^uez;  river  in  Mesa  County,  a  left-hand  branch 
of  Uncompahgre  River. 

Rio  Escalante;  river  in  Montrose  County,  a  left-hand  branch 
of  Gunnison  River. 

Rio  Grande;  county  in  the  southern  part  of  the  State;  bounded 
on  the  north  by  Saguache  County ,  on  the  east  by  Saguac^he, 
Costilla,  and  Conejos  counties,  on  the  south  by  Conejos 
County,  and  on  the  west  by  Mineral  county.  It  includes 
part  of  San  Luis  Valley,  and  extends  on  the  west  into  San 
Juan  Mountains.  It*^  area  is  1,831  square  miles,  of  which 
9  per  cent,  or  78,141  acres,  were  under  cultivation  in  1900. 
The  population  in  1900  wa*»  4,080;  and  of  Del  Norte,  the 
county  seat,  705.  In  1900  the  average  magnetic  declina- 
tion was  13°  00^  east.  The  mean  annual  rainfall  is  about 
7  inches,  and  the  mean  annual  temperature  40°. 

Rio  Grande;  one  of  the  large  rivers  of  the  Uniteil  States.  It 
heads  in  San  Juan  Mountains,  near  Bakers  Park,  flows  east 
to  the  San  Luis  Valley,  then  turns  south,  traversing  the 
entire  Territory  of  New  Mexico  to  Kl  Paso,  Tex.,  beyond 
which  point  it  forms  the  boundary  l)etween  the  United 
States  and  Mexico.  Discharge  at  Del  Norte,  April  1  to  Octo- 
Ixir  31,  1904,  .345,900  acre-feet. 

Rio  Grande;  village  in  Conejos  ('ounty. 
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Bio  Grande  and  Pagosa  Springs  Railroad;  line  extending 

from  Lumberton,  N.  Mex.,  to  Blanco,  Colo.,  a  distance  of 

30  miles. 
Bio  Ghrande  Pyramid;  summit  in  San  Jaan  Mountains,  Hins- 
dale County;  altitude,  13,773  feet. 
Bio  Lado;  station  in  Montezuma  County  on  Denver  and  Rio 

Grande  Railroad ;  altitude,  8,073  feet Rico. 

Bio  la  Jara;  river  in  Conejos  County,  a  right-hand  branch  of 

Rio  Grande. 
Bio  Mancos;  river  in  Montezuma  County,  a  right-hand  branch 

of  San  Juan  River,  originating  in  North,  Middle,  and  East 

forks. 
Bio  Navigo;  river  in  Archuleta  County,  a  left-hand  branch  of 

San  Juan  River. 
Bio  Nutria;  river  in  Archuleta  County,  a  left-hand  branch  of 

Rio  Piedra. 
*  Bio  Piedra;  river  in  Mineral,  Hinsdale,  and  Art^huleta  counties, 

a  right-hand  branch  of  San  Juan  River. 
Bio  San  Antonio;  river  in  Conejos  County,    a  right-hand 

branch  of  Rio  Conejos,  tributary  to  Rio  Grande. 
Bio  Ventero;  river  in  Costilla  County,  a  left-hand  branch  of 

Rio  Culebra,  tributary  to  Rio  Grande. 
Bitchie;  gulch  in  Fremont  County,  a  right-hand  branch  of 

Arkansas  River Pueblo. 

Bito;  station  in  Fremont  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  6,679  feet. 
Bito  Agua  Dulce;  creek  in  Las  Animas  County,  a  right-hand 

branch  of  Purgatory  River Elmoro. 

Bito  Alto;  peak  in  Sangre  de  Cristo  Range,  Custer  County; 

altitude,  12,989  feet. 
Bito  Azul;  creek  in  Las  Anima.s  County,  a  left-hand  branch  of 

Trinchera  Creek,  tributary  to  Purgatory  River P^lmoro. 

Bito  el  Gato;  creek  in  Archuleta  County,  a  right-hand  branch 

of  San  Juan  River. 
Bito  Seco;  creek  in  Las  Animas  County,  a  right-hand  branch 

of  Purgatory  River P^lmoro. 

Bivera;  station  in  Las  Animas  County  on  Colorado  and  South- 
ern Railway. 
Biver  Bend;  post  village  in  Elbert  County  on  Union  Pacific 

Railroad;  altitude,  5,492  feet Linion. 

Biverdale;  station  in  Bent  County  on  Atchison,  Tojieka  and 

Santa  Fe  Railway;  altitude,  8,936  feet. 
Biverside;  post  village  in  Chaffee  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,364  feet. 
Biverton;  station  in  Pueblo  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  4,800  feet. 
Boad;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River 1 ." Spanish  Peaks. 

Boad  Cap;   creek  in  Delta  County,  a  right-hand  branch  of 

North  Fork  Gunnison  River. 
Boan;  creek  in  Garfield  and  Mesa  counties,  a  left-hand  branch 

of  Grand  River. 
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Boan  or  Book;  plateau  in  the  western  part  of  the  State,  slop- 
ing gently  northward  to  the  canyon  of  White  River  and 
breaking  off  precipitously  to  the  south  to  the  desert  valley 
of  the  Grand.  The  average  elevation  of  the  crest  is  8,000 
feet 

Boarinsr  Fork;  creek  in  Garfield  and  Pitkin  counties,  a  left- 
hand  branch  of  Grand  River Aspen. 

Boaringr  Fork;  creek  in  Larimer  County,  a  left-hand  branch  of 
Raspberry  Fork,  tributary  to  North  Platte  River. 

Roaring:  Forks;   creek  in  Montezuma  County,  a  left-hand 

branch  of  East  Dolores  River Rico. 

Roaring:  Judy;  creek  in  Gunnison  County,  a  left-hand  branch 

of  East  River ('rested  Butte. 

Boaz;  canyon  in  Ijaa  Animas  County,  tributary  to  Purgatory 

River Timpas. 

Bobb;  station  in  Yuma  County  on  Burlington  and  Missouri 
River  Railroad;  altitude,  3,749  feet. 

Bobin;  station  in  San  Juan  County  on  Silverton  Northern 

Railroad.  • 

Bobinson;  gulch  in  Clear  Creek  and  Jefferson  counties,  tribu- 
tary to  Clear  Creek Blackhawk. 

Bobinson;  station  in  Bent  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway:  altitude,  3,986  feet. 

Bobinson;  station  in  Otero  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway ;  altitude,  4,007  feet Las  Animas. 

Bobinson;  post  village  in  Summit  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  10,857  feet Leadville. 

Bobinson  Basin;  valley  in  Gunnison  County Anthracite. 

Boc;  creek  in  Montrose  County,  a  left-hand  branch  of  Dolores 
River. 

Boche  Moutonn^e;  creek  in  Eagle  County,  a  left-hand  branch 

of  Eagle  River  >. Leadville. 

Bock;  creek  in  Boulder  County,  a  right-hand  branch  of  Coal 

Creek,  tributary  to  South  Platte  River Denver. 

Bock;  creek  in  Gunnison  County,  a  left-hand  branch  of  Roar- 
ing Creek,  tributary  to  Grand  River. 

Bock;  creek  in  Montrose  County,  a  left-hand  branch  of  Dolores 
River. 

Bock;  creek  in  Park  County,  a  left-hand  branch  of  Tarryall 
Creek,  tributary  to  South  Platte  River. 

Bock;  creek  in  Pitkin  County,  a  left-hand  branch  of  Roaring 
Fork. 

Bock;  creek  in  Pueblo  County,  a  right-hand  branch  of  Arkan- 
sas River Pueblo. 

Bock;  creek  in  Rio  Grande  County,  a  left-hand  branch  of  Pie- 
dra  Creek,  tributary  to  Rio  Grande. 

Bock;  creek  in  Routt  County,  a  right-hand  branch  of  Grand 
River. 

Bock;  lake  in  Boulder  County Boulder. 

Bock  Cliff;  village  in  Saguache  County;  altitude,  8,270  feet. 

Bock  Creek;  station  in  Eagle  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  8,292  feet.    Post-office,  Gilman. 
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Rockland;  village  in  Logan  County. 
Bockvale;  post  city  in  Fremont  County  on  Atchison,  Topeka 

and  Santa  Fe  Railway;  population  in  1900,  870;  altitude, 

5,440  feet Canyon  City. 

Bockwood;  post  village  in  La  Plata  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,355  feet Durango. 

Rocky;  canyon  in  Arapahoe  County,  tributary  to  Arikaree 

River. 
Rocky;  gulch  in  San  Juan  County,  tributary  to  Cunningham 

Creek Silverton. 

Rocky;  village  in  Park  County Pikes  Peak. 

Rocky  Ford;  post  town  in  Otero  County  on  Atchison,  Topeka 

and  Santa  Fe  Railway;  |)opulation  in  1900,  2,018;  altitude, 

4,176  feet Catlin. 

Rocky  Point;  summit  in  Lincoln  County Sanborn. 

Roeder;  creek  in  Clear  Creek  County,  a  right-hand  branch  of 

Bear  Creek,  tributary  to  Turkey  Creek. 
Roger;  gulch  in  San  Miguel  County,  tributary  to  San  Miguel 

River Telluride. 

Rog^ers;  station  in  Gunnison  County  on  Denver  and  Rio  Grande 

Railroad. 
Rogrers  Mesa;  station  in  Delta  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  5,433  feet. 
"Roggen;  poet  village  in  Morgan  County  on  Burlington  and 

Missouri  River  Railroad;  altitude,  4,718  feet. 
Rolling;  mountain  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13,694  feet Telluride. 

Rollinsville;  post  village  in  Gilpin  County,  on  Denver,  North- 
western and  Pacilfc  Railway;  altitude,  8,323  feet Hlackhawk. 

Romeo;  post  village  in  Conejos  County. 

Romley;  station  in  Chaffee  County  on  Colorado  and  Soutliern 

Railway;  altitude,  10,532  feet. 
Root;  creek  in  La  Plata  County,  a  right-hand  branch  of  l-.a 

Plata  River I>a  Plata. 

Rosa,  Mount;    in    Front  Range,    El   Paso  County;  altitude, 

1 1 ,427  feot Colorado  Springs. 

Rosalie,  Mount;    in  Front  Range,    Park  County;    altitude, 

13,575  feet Georgetown. 

Roscoe;  village  in  Jefferson  County  on  Colorado  and  South- 
ern Railway Blackhawk. 

Rose;  creek  in  Clear  Creek  County,   a  left-hand  branch  of 

Vance  Creek,  tributary  to  South  Platte  River ( Jeorgetown. 

Rose;  gulch  in  Clear  Creek  Count v,  tributarv  to Ch^r Creek.. i^'^'^j^^  Springs  Spe- 

l     cial. 
Rose;  station  in  Pitkin  County   on  Denver  and  Rio  Grande 

Railroad. 
Rosemont;  post  village  in  Teller  County  on  Colorado  Springs 

and  Cripi)le  Creek  District  Railway;  altitude,  9,71)9  feet. 
Rosita;  creek  in  Custer  County,  a  right-hand  branch  of  ( irape 

Creek,  tributary  to  Arkannas  River Canyon  City. 

Rosita;  post  town  in  Custer  County;  population  in   1900,  110; 

altitude,  8,932  feet. 
Moss;  spring  in  Pueblo  County Ntj^esta. 
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BosB  Basin;  valley  in  San  Juan  County Silverton. 

BoBwell;  post  village  in  El  Paso  County,  on  the  Denver  and 
Rio  Grande,  and  the  Chicago,  Rock  Island  and  Pacific  rail- 
ways; altitude,  6,073  feet.     Railroad  name,  Johnson Colorado  Springs. 

Roubideau;  creek  in  Delta  County,  a  right-hand  branch  of 
Gunnison  River. 

Roubideau;  station  in  Delta  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  4,894  feet. 

Bougie;  canyon  in  Grand  County,  tributary  to  Grand  River. 

Bougrh  and  Tumbling:;  creek  in  Park  County,  a  right-hand 

branch  of  South  Fork  South  Platte  River Leadville. 

Bound;  butte  in  Larimer  County. 

Bound;  hill  in  Park  County Leadville. 

Bound;  mountain  in  Custer  County;  altitude,  8,722  feet Canyon  City. 

Bound;  mountain  in  Elk  Mountains,  Gunnison  County;  alti- 
tude, 10,881  feet Crested  Butte. 

Bound;  mountain  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  1 3,422  feet Silverton. 

Bound  Hill;  station  in  Saguache  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  8,677  feet.     Post-oflfice,  Alder. 

Bouse;    post  village  in  Huerfano  County  on  Colorado  and 

Southern  Railway Walsenburg. 

Bouse  Junction;  station  in  Huerfano  County  on  a  spur  of 

Denver  and  Rio  Grande  Railroad;  altitude,  6,136  feet Walsenburg. 

Boutt;  county  in  the  extreme  northwestern  part  of  the  State; 
lx)unded  on  the  north  by  Wyoming,  on  the  east  by  Park 
Range,  on  the  south  by  F^gle  and  Rio  Blanco  counties,  and 
on  the  west  by  Utah.  The  surface  consists  of  broad  pla- 
teaus rising  eastward  to  Park  Range.  The  area  is  6,980 
square  miles,  of  which  1  per  cent,  or  53,977  acres,  were 
under  cultivation  in  1900.  The  population  in  1900  was 
3,661;  and  of  Hahns  Peak,  the  county  seat,  46.  In  1900 
the  average  magnetic  declination  was  14°  40^^  east.  The 
mean  annual  rainfall  is  about  12  inches,  and  the  mean 
annual  temperature  40°  to  50°. 

Boutt;  gulch  in  Boulder  County,  tributary  to  Fourmile  Creek.  Boulder. 

Boutt;  village  in  Routt  County. 

Bowe;  village  in  Prowers  County. 

Bowena;  post  village  in  Boulder  County;  altitude,  7,177  feet..  Boulder. 

Bowtner,  Mount;  in  the  Gunnison  country;  altitude,  13,750 
feet. 

Boy;  station  in  Lake  County  on  Denver  and  Rio  (irande  Rail- 
road; altitude,  10,838  feet. 

Boyal;  gorge  in  Fremont  County,  in  the  Grand  Canyon  of  the 

Arkansas Canyon  City. 

Boyal;  gulch  in  San  Miguel  County,  tributary  to  San  Miguel 

River Telluride. 

Buby;  creek  in  Clear  Creek  County,  a  left-hand  branch  of 

Vance  Creek,  tributary  to  South  Platte  River Georgetown. 

Buby;  creek  in  Sa!i  Juan  and  La  Plata  counties,  a  left-hand 

branch  of  Animas  River Needle  Mountains. 

Bull.  291—06 10 
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Buby;  peak  in  Elk  Mountains,  Gnnnieon  County;  altitude, 

12,749  feet * Anthracite. 

Buby ;  ran^e  in  Gunnison  County Anthracite. 

Ruby;  station  in  Mesa  County  on  Rio  Grande  Western  Rail- 
way; altitude,  4,405  feet.  % 

Ruby;  station  in  Gunnison  County  on  Denver  and  Rio  Grande 

Railroad.     Post-oflBce,  Floresta Anthracite. 

Ruedi;  post  village  in  Eagle  County  on  Colorado  Midland  Rail- 
way; altitude,  7,568  feet. 

Ruffiier;  mountain  in  San  Miguel  County Telluride. 

Rug^by;  post  village  in  Las  Animas  County  on  Colorado  and 
Southern  Railway. 

Rug^by;  station  in  Huerfano  County  on  Colorado  and  South- 
em  Railway.     Railroad  name,  Kepner. 

Rule;  creek  in  Bent  County,  a  right-hand  branch  of  Arkansas fHigbee. 

River.  IIas  Animas. 

Running:;  creek  in  Elbert  County,  a  left-hand  branch  of  Box-fCastle  Rock, 
elder  Creek,  tributary  to  South  Platte  River I  East  Denver. 

Rush;  creek  in  Kiowa,  Cheyenne,  and  Lincoln  counties,  a 
right-hand  branch  of  Big  Sandy  Creek,  tributary  to  Arkan- 
sas River. 

Rush;  creek  in  Pueblo  County,  a  right-hand  branch  of  Arkan- 
sas River Pueblo. 

Rush  Basin;  valley  in  Montezuma  County I^  Plata. 

Russell;  gulch  in  (lilpin  County,  tributary  to  North  Clear 

Creek Blackhawk. 

Russell;  post  village  in  Costilla  County. 

Russell;  spring  in  Saguache  County. 

Russell  Gulch;  post  village  in  Gilpin  County;  altitude,  8,105 

feet  ( -entral  City  Special. 

Rust;  >?t4ition  in  Montezuma  County  on  Denver  and  Kio 
Grande  Railroad;  altitude,  7,012  feet. 

Rustic;  village  in  Larimer  County. 

Ruxton;  creek  in  FA  Paso  County,  a  small  right-hand  branch 

of  Fountain  Creek,  tributary  to  Arkansas  River Ck>lora<io  Springs. 

Ryan;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 
Piceance  Creek,  tributary  to  White  River. 

Rye;  post  village  in  Pueblo  County Walsenburg. 

Ryman;  creek  in  Montezuma  County,  a  left-hand  branch  of 

East  Dolores  River Rico. 

Sabeta;  |>eak  in  Sawatch  Range,  Saguache  County. 

Sable;  station  in  Adams  County  on  Union  Pacific  Railway. 

Saco;  station  in  Pitkin  County  on  Denver  and  Rio  (irande 
Railroad. 

Sacramento;  gulch  in  Park  County,  tributary  to  South  Platte 

River I^adville. 

Sachett;  mount;iin  in  El  Paso  County Pikes  Peak. 

Saddle;  mountain  in  Montrose  County. 

Saddle;  mountain  in  Park  County;  altitude,  10,815  feet Pikes  Peak. 

Saderlind;  station  in  Teller  C-ounty  on  Colorado  Si)ringH  and 
Cripple  Creek  District  Railway;  altitude,  9,943  feet. 

BAge;  creek  in  Larimer  County,  a  left-hand  branch  of  Yampa 
Biver. 
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Sag^e;  plateau  in  Routt  County. 
Saguache;    county  in  the  south-central  part  of  the  State; 

bounded  on  the  north  by  Gunnison,  Chaffee,  and  Fremont 

counties,  on  the  east  by  Fremont,  Custer,  and  Huerfano 

counties,  and  on  the  south  by  Costilla  and  Rio  Grande 

counties,  and  on  the  west  by  Hinsdale  and  Gunnison  coun- 
ties.    It  includes  the  northern  part  of  San  Luis  Valley, 

extending  on  the  east  to  the  slopes  of  Sangre  de  Cristo 

Range,  and  on  the  west  over  the  Cochetopa  Hills  to  the 

rolling  country  sloping  to  the  valley  of  Gunnison  River. 

Its  area  is  2,769  square  miles,  of  which  7  per  cent,  or  119,587 

acres,  were  under  cultivation  in  1900.     The  population  in 

1900  was  8,853;  and  of  Saguache,  the  county  seat,  389.     In 

1900  the  average  magnetic  declination  was  12°  Sy  east. 

The  mean  annual  rainfall  is  about  7  inches,  and  the  mean 

annual  temperature  40°. 
Saguache;  post  town  and  county  seat  of  Saguache  County; 

population  in  1900,  389;  altitude,  7,745  feet. 
Saguache;  river  heading  in  Cochetopa  Hills  and  flowing  south 

into  San  Luis  Valley,  where  it  disappears. 
St.  Charles;  canyon  in  Pueblo  County,  a  right-hand  branch 

of  St.  Charles  River Pueblo. 

St.  Charles;  river  in  Pueblo  County,  a  right-hand  branch  of fPueblo. 

Arkansas  River.  INepesta. 

St.  Charles;   station  in  Pueblo  County,  on  Denver  and  Rio 

Grande  Railroad;  altitude,  4,888  feet. 
St.  Cloud;  post  village  in  Larimer  County. 
St.  Elmo;  post  town  in  Chaffee  County  on  Colorado  and  South- 
em  Railway;  i>opulation  in  1900,  64;  altitude,  10,051  feet. 
St.  Kevin;  station  in  LakeC/Ounty  on  Denver  and  Rio  Grande 

Railroad;  altitude,  9,804  feet. 
St.  Lewis;  creek  in  Grand  Comity,  a  left-hand  branch  of  Frazer 

River,  tributary  to  Grand  River. 
St.  Mary;  post  village  in  Huerfano  County;  altitude,  6,067  feet 
St.  Peters;  station  in  El  Paso  County  on  Colorado  Springs  and 

Cripple  Creek  District  Railway;  altitude,  8,701  feet. 
St.  Sophia;  ridge  on  boundary  l)etween  Ouray  and  San  Miguel 

counties Telluride. 

St.  Thomas;  town  in  Teller  County  on  Florence  and  Cripple 

Creek  Railroad. 
St.  Vrain;  creek  in  Weld  County,  a  left-hand  branch  of  South  fNiwot. 

Platte  River.  iGreeley. 

St.  Vrains;  town  in  Weld  County;  altitude,  5,120  feet. 
Salado;  creek  in  Las  Animas  County,  a  left-hand  branch  of 

Apishapa  River Elmoro. 

Salem;  post  village  in  Arapahoe  County. 

Salida;  city  in  Chaffee  County  on  Denver  and   Rio  Grande 

Railroad;  population  in  UHX),  3,722;  altitude.  7,038  feet. 
Salina;  post  village  in  Boulder  County  on  Colorado  and  North- 
western Railroad;  altitude,  6,571  feet. 
Salina;  station  in  Park  County  on  Colorado  Midland  Railway; 

altitude,  8,936  feet. 
Sails;  station  on  Union  Pacific  Railroad;  altitude,  4,12^  1^1. 
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Sails;  Rtation  in  Cheyenne  County  on  Union  Pacific  Railroad. 

Salt;  canyon  in  Pueblo  County,  tributary  to  Beaver  Creek Pueblo. 

Salt;  creek  in  Mesa  County,  a  left-hand  branch  of  Plateau 
Creek. 

Salt;  creek  in  Pueblo  County,  a  right-hand  branch  of  Arkansas 

River Pueblo. 

Salt;  creek   in  Pueblo  County,  a  right-hand  branch  of  St. 

Charles  River Walsenburg. 

Salt;  lake  in  Park  County. 

Salt  Greek;  post  village  in  Pueblo  County  on  Denver  and  Rio 
Grande  Railroad;  altitude  5,467  feet. 

Samboul;  gulch  in  JjSl  Plata  County,  tributary  to  Flagler  Fork,  Durango. 

Sample;  station  in  Fremont  County  on  Denver*  and  Rio 
Grande  Railroad. 

Sampler;  village  in  Teller  County. 

Sams;  post  village  in  San  Miguel  County  on  Denver  and  Rio 
Grande  Railroad. 

San  Acacia;  village  in  Costilla  County. 

San  Bernardo;  mountain  in  San  Juan  Mountains,  San  Miguel 

County;  altitude,  11,845  feet Telluride. 

San  Bernardo;  post  village  in  San  Miguel  County  on  Denver 

and  Rio  Grande  Railroad ;  altitude,  9,465  feet Telluride. 

Sanborn;  post  village  in  Lincoln  County Sanborn. 

San  Cristobal;  lake  in  Hinsdale  County;  altitude,  9,000  feet.  San  Cristobal. 

Sand;  arroyo  in  Baca  and  Las  Animas  counties,  a  right-hand 
branch  of  Adobe  Creek,  tributary  to  Arkansas  River. 

Sand;  canyon  in  Baca  County,  tributary  to  Cimarron  River. . .  Springfield. 

Sand;  creek   in   Arapahoe  and   Adams  counties,  a  left-hand 

branch  of  South  Platte  River Denver. 

Sand;  creek  in  Routt  Courity,  a  left-hand  branch  of  Williams 
River. 

Sand;  creek  in  Weld  County,  a  left-hand  branch  of  Cache  la 

Poudre  River Greeley. 

Sand;  hills  extending  across  the  western  part  of  Baca  County.  Vilas. 

Sand;  hills  in  Lincoln  County Arroyo. 

Sand  Greek;  station  in  Denver  County  on  Union  Pacific  Rail- 
road. 

Sandford;  post  village  in  Conejos  County. 

Sand  Spur;  station  in  Weld  County  on  Union  Pacific  Rail- 
road. 

San  Francisco;  creek   in   Las  Animas  County,  a  right-hand 

branch  of  Purgatory  River,  tributary  to  Arkansas  River. . .  Elmoro. 

San  Francisco;  creek  in  Rio  Grande  County,  a  right-hand 
branch  of  Rio  Grande. 

San  Francisco;  pass  in  Sangre  de  Cristo  Mountains,  Las  Ani- 
mas County;  altitude,  8,560  feet. 

San  Francisco;  valley  at  the  head  of  South  Fork  Purgatory 
River. 

San  Francisco;  village  in  Costilla  County. 

San  Francisco;  small  village  in  I>as  Animas  County Spanish  Peaks. 

Sangnre  de  Cristo;  creek  in  Costilla  County,  a  left-hand  branch 

of  Trinchem  River,  tributary  to  Rio  Grande Huerfano  Park, 
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San^e  de  Cristo;  mountains,  a  long,  narrow  range  stretching 

from  the  head  of  San  Luis  Valley  along  its  eastern  border 

to  New  Mexico,  including  several  peaks  exceeding  14,000 

feet  in  altitude. 
Sang^re  de  Cristo;  pass  in  Sangre  de  Cristo  Range;  altitude, 

9,454  feet 
San  Isabel;  creek  in  Saguache  County,  a  left-hand  branch  of 

San  Luis  Creek. 
San  Isabel;  poet  village  in  Saguache  County;  altitude,  7,537 

feet. 
San  Isabel  Forest  Reserve;  area,  501  square  miles. 
San  Isidro;  creek  in  Laa  Animas  County,  a  right-hand  branch 

of  Purgatory  River Elmoro. 

San  Joaquin;  ridge  in  San  Miguel  County Telluride. 

San  Juan;  county  in  the  southwestern    part  of   the  State; 

bounded  on  the  north,  east,  and  west  by  San  Juan  Moun- 
tains and  on  the  south  by  La  Plata  County.     Its  surface  is 

mountainous,  including  some  of  the  highest  spurs  of  the 

San  Juan  group.    The  southern  part  is  Bakers  Park,  a  valley 

hemmed  in  by  mountains.    Its  area  is  438  square  miles, 

practically  none  of  which  is  cultivated.    The  population  in 

1900  was  2,342;  and  of  Silverton,  the  county  seat,  1 ,360.    In 

1900  the  average  magnetic  declination  was  12°  50^  east. 

The  mean  annual  rainfall  is  about  19  inches,  and  the  mean 

annual  temperature  45°  to  50°. 
San  Juan;  mountains  in  the  southern  part  of  the  State,  which 

are  extremely  rugged  and  include  many  peaks  exceeding 

14,000  feet  in  altitude;  source  of  Rio  Grande  and  San  Juan 

and  Uncompahgre  rivers  and  numerous  branches  of  Gun- 
nison River. 
San  Juan;  river  of  Colorado,  New  Mexico,  and  Utah,  a  large 

branch  of  Colorado  River,  heading  in  the  south  slopes  of 

San  Juan  Mountains  and  flowing  in  a  westerly  course; 

discharge,  near  Farmington,  N.  Mex.,  June  19  to  December 

31,  1904,  741,900  acre-feet. 
San  Juan;  town  in  Hinsdale  County. 
San  Juan;  village  in  Mineral  County;  altitude,  8,901  feet. 
San  Juan  Forest  Reserve;  area,  2,246  square  miles. 
San  Luis;  creek  in  Saguache  and  Costilla  counties,  tributary  to 

San  Luis  lakes. 
San  Luis;  hills  in  Conejos  and  Costilla  counties. 
San  Luis;  lakes  without  outlet  in  San  Luis  Valley,  Costilla 

County,  into  which  San  Luis  Creek  flows;  altitude,  7,592 

feet. 
San  Luis;  peak  on  boundary  between  Saguache  and  Mineral 

counties;  altitude,  14,100  feet. 
San  Luis;  post  village  and  county  seat  of  Costilla  County;  pop- 
ulation in  1900,  350;  altitude,  7,946  feet. 
San  Luis;  valley  in  the  southeastern  part  of  the  State,  drained 

southward  by  the  Rio  Grande,  and  by  smaller  streams  which 

have  no  outlet;  its  surface  is  everywhere  very  level;  alti- 
tude, 7,000  to  8,000  feet. 
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San  Miguel;  cx)imty  in  the  soutliwestern  part  of  the  State; 
lH>unded  on  the  north  by  Montrose  and  Ouray  counties,  on 
tlie  east  by  Ouray  and  San  Juan  counties,  on  the  south  by 
Dolores  County,  and  on  tlie  west  by  Utah.  The  eastern 
part  consists  of  high,  rugged  mountains,  part  of  the  San 
Juan  group,  and  the  western  part  is  an  arid  plateau.  Its 
area  is  1,310  square  miles,  of  which  li  per  cent,  or  10,388 
acres,  were  under  cultivation  in  1900.  The  population  in 
1900  was  5,379;  and  of  Telluride,  the  county  seat,  2,446. 
In  1900  the  average  magnetic  declination  was  13°  20*^  east. 
The  mean  annual  rainfall  is  about  20  inches,  and  the  mean 
annual  temperature  45°  to  50°. 

San  Miguel;  lake  in  San  Miguel  County;  altitude,  9,720  feet. 

San  Miguel;  mountains,  a  name  applied  to  a  portion  of  the 
San  Juan  group,  in  which  heads  San  Miguel  River. 

San  Miguel;  peak  in  San  Juan  Mountains  on  boundary  between 

San  Miguel  and  Dolores  counties Telluride. 

San  Miguel;  plateau  through  which  San  Miguel  River  outs  a 
canyon  for  nearly  its  entire  length. 

San  Miguel;  river  in  Montrose  and  San  Miguel  counties,  a 
right-hand  branch  of  Dolores  River,  heading  in  the  north- 
western San  Miguel  Mountains  and  flowing  nearly  north- 
west to  its  mouth  in  a  deep  canyon  east  of  Paradox. 

San  Miguel;  station  in  San  Miguel  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  8,708  feet. 

San  Miguel;  village  in  Las  Animas  County Elmoro. 

San  Pablo;  canyon  in  Las  Animas  County,  tributary  to  Pur- 
gatory River Spanish  Peaks. 

San  Pablo;  post  village  in  Costilla  County. 

San  Pedro;  mesa  in  Costilla  County. 

San  Pedro;  village  in  Costilla  County. 

San  Bafael;  town  in  Conejos  County;  population  in  1900,  700. 

Santa  Clara;  creek  in  Las  Animas  County,  a  right-hand  branch  fSjxanish  Peaks, 
of  Cuchara  River.  IWalsenburg. 

Santa  Clara;  station   in   Huerfano  County  on   Colorado  ^ud 

Southern  Railway ;  altitude,  8,500  feet Spanish  Peaks. 

Santa  Clara  Junction;  station  in  Huerfano  County,  on  Den- 
ver and  Rio  Grande  Railroad. 

Santa  Fe;  mountain  in  Fnjnt  Range,  Clear  Creek  County;  alti- 
tude, 9,000  feet Georgetown. 

Santa  Maria;  lake  in  Mineral  County;  altitude,  9,415  feet. 

Santa  Bita;  station  in  Teller  County  on  Colorado  Springs  and 
Cripple  Creek  District  Railway. 

Sapinero;  creek  in  Gunnison  County,  a  right-hand  branch  of 
Gunnison  River. 

Sapinero;  post  village  in  Gunnison  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,245  feet. 

Sarcillo;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 
River.     Spanish  Peaks. 

Sarcillo;  station  in  Las  Animas  County  on  Colorado  and 
Wyoming  Railway;  altitude,  6,689  feet. 

£lar^ent;  post  village  in  Saguache  County  on  Denver  and  Rio 
Grande  Hailroad;  altitude,  8,467  leet. 
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Saruche;  canyon  in  Las  Animas  County,  tributary  to  Purga- 
tory River Spanish  Peaks. 

Sarvis;  creek  in  Routt  Ck>unty,  a  right-hand  branch  of  Bear 

Creek. 
Satank;  village  in  Garfield  County.     Railroad  name,  Bryant. 
Saucer;  valley  in  San  Miguel  •  County,  partly  inclosed  by  a 

bend  of  Dolores  River. 
Saugrua;  station  in  Lincoln  County  on  Chicago,  Rock  Island 

and  Pacific  Railway. 

Saunders;  arroyo  in  Pueblo  County,  near  Haystack  Butte Apishapa. 

Savage;  station  in  La  Plata  County  on  Denver  and  Rio  Grande 

Railroad. 

Savage  Basin;  valley  in  San  xVUguel  County Silverton. 

Savage  Fork;  in  San  Miguel  County,  a  left-hand  branch  of 

Marshall  Creek,  tributary  to  San  Miguel  River Telluride. 

Sawatch;  creek  in  Saguache  County,  a  right-hand  branch  of 

San  Luis  Creek. 
Sawatch;   range  of  high  mountains  on  the  west  side  of  the 

valleys  of  Ragle  and  Arkansas  rivers,  including  many  peaks 

which  exceed  14,000  feet  in  altitude,  and  few  passes  below 

timber  line. 
Saw  Mill;  creek  in  Douglas  county,  a  left-hand  branch  of  Plum 

Creek,  tributary  to  South  Platte  River Castle  Rock. 

Sawpit;  post  town  in  San  Miguel  County  on  Denver  and  Rio 

Grande  Railroad ;  altitude,  7,523  feet Telluride. 

Sawtooth;    range  of   Elk  Mountains  on  boundary  between 

Pitkin  and  Gunnison  counties Crested  Butte. 

Sawtooth;  summit  in  Montrose  County;  altitude,  11,370  feet. 
Saxon;    mountain  in  Clear  Creek  County;    altitude,   11,535 

feet Georgetown. 

Scarp;  ridge  in  Gunnison  County;  altitude,  12,137  feet Anthracite. 

Schafer;  gulch  in  Hinsdale  County,  tributary  to  Henson  Creek.  Silverton. 

Schafer  Basin;  valley  in  Hinsdale  County Silverton. 

Sehley;  post  town  in  £lbert  County. 
Scholi;  post  town  in  Grand  County. 
Schramm;  town  in  Yuma  County  on  Burlington  and  Missouri 

River  Railroad;  altitude,  4,033  feet 
Schurman;  creek  in  La  Plata  County,  a  left-hand  branch  of  La 

Plata  River La  Plata. 

Schuylkill;  mountain  in  Elk  Mountains,  Gunnison  County; 

altitude,  12,188  feet Anthracite. 

Schwanders;  station  in  Chaffee  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,824  feet. 
Scofield;  village  in  Gunnison  County. 
Scotch;  creek  in  Dolores  County,  a  left-hand  branch  of  East 

Dolores  River Rico. 

Scraggy;  butte  in  Park  County;  altitude,  8,600  feet. 
Scranton;  station  in  Adams  County  on  Colorado  Eastern  Rail- 
road  Denver. 

Scrub  Oak;  summit  in  La  Plata  County La  Plata. 

Searight;  mountain  in  Grand  County;  altitude,  11,333  feet 

Searl;  gulch  in  Summit  County,  tributary  to  Tenmile  Creek  . . .  Leadville. 
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Seaton;  gulch  in  Clear  Creek  County,  tributary  to  Clear  Creek .  .<       .  j  tS°  ^  i 

Second;  creek  in  Adama  County,  a  right-hand  branch  of  South 

Platte  River Denver. 

Second;  creek  in  Routt  County,  a  left-hand  branch  of  Wil- 
liams River. 

Sedalia;  post  village  in  Douglas  County  on  Atchison,  Topeka 

and  Santa  Fe  Railway;  altitude,  5,823  feet Castle  Rock. 

Sedam;  station  in  Jefferson  County  on  Denver,  Lakewood  and 
Golden  Railroad. 

Sedgwick;  county  in  the  extreme  northeastern  part  of  the 
State;  bounded  on  the  north  and  east  by  Nebraska,  on  the 
south  by  Phillips  County,  and  on  the  west  by  Ix>^n  County. 
The  northwestern  part  is  traversed  by  South  Platte  River 
and  by  the  Union  Pacific  Railroad.  Except  for  the  wide 
valley  through  which  the  South  Platte  flows,  the  surface  is 
a  rolling  plain.  The  area  is  535  square  miles,  of  which 
nearly  3  per  cent,  or  9,209  acres,  were  under  cultivation  in 
1900.  The  population  in  1900  was  971;  and  of  Julesburg, 
the  county  seat,  371.  In  1900  the  average  magnetic  decli- 
nation was  13°  10^  east.  The  mean  annual  rainfall  is  about 
13  inches,  and  the  mean  annual  temperature  50°  to  55°. 

Sedgwick;  post  village  in  Sedgwick  County  on  Union  Pacific 
Railroad;  altitude,  3,583  feet. 

Seebarsee;  station  in  Yuma  County  on  Burlington  and  Mis- 
souri River  Railroad. 

Seeley;  lake  in  Weld  County Greeley. 

Segiindo;  post  village  in  Las  Animas  County  on  Colorado  and 
Wyoming  Railway;  altitude  6,597  feet. 

Seguro;  town  in  Huerfano  County. 

Seibert;  post  village  in  Kit  Carson  County  on  Chicago,  Rock 
Island  and  Pacific  Railway;  altitude,  4,705  feet. 

Selak;  village  in  Grand  County;  altitude,  8,650  feet. 

Selkirk;  station  in  Park  County  on  Colorado  and  Southern 
Railway;  altitude,  11,023  feet. 

Sellar;  post  village  in  Pitkin  County  on  Colorado  Midland 
Railway;  altitude,  9,602  feet. 

Semper;  station  in  Jefferson  County,  on  the  Colorado  and 
Southern  and  the  Burlington  and  Missouri  River  railroads; 
altitude,  5,444  feet Denver. 

Sentinel;  peak  in  Larimer  County. 

Sentinel  Point;  summit  in  Teller  County Pike?*  Peak. 

Serape;  station  in  La  Plata  County  on  Denver  and  Rio  Grande 
Railroad. 

Servietta;  village  in  Conejos  County. 

Seven;  lakes  in  El  Paso  County IMkes  Peak. 

Sevenmile;  creek  in  Chaffee  County,  a  left-hand  branch  of 
Arkansas  River. 

Severance;  village  in  Weld  County. 

Sewell;  station  in  Pitkin  County  on  Crystal  River  Railroad; 
altitude,  6,348  feet. 

Shale;  station  in  Mesa  County  on  Denver  and  Uio  (Jrande 
Railway;  altitude,  4,390  feet. 
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Sharkstooth;  summit  in  Montezuma  County r La  Plata. 

Sharpsdale;  |K)8t  \il1age  in  Huerfano  County Huerfano. 

Shavano;  peak  in  Sa watch  Mountains,  Chaffee  County;  alti- 
tude, 14,239  feet. 

Shavano;  village  in  Chaffee  County;  altitude,  10,072  feet. 

Shaw;  gulch  in  I^  Plata  County,  tributary  to  I^  Plata  River. .  La  Plata. 

Shawnee;  post  village  in  Park  County  on  Colorado  and  South- 
em  Railway. 

Shawnee;  station  in  Saguache  County  on  Denver  and  Rio 
Grande  Railroad. 

Shaws;  park  in  Fremont  County Pikes  Peak. 

Sheep;  canyon  in  Las  Animas  County,  tributary  U)  Purgatory 

River Spanish  Peaks. 

Sheep;  creek  in  Larimer  County,  a  left-hand  branch  of  Cache 
la  Poudre  River. 

Sheep;  creek  in  Larimer  County,  a  right-hand  branch  of  Buck- 
horn  Creek,  tributary  to  Thompson  Creek. 

Sheep;  creek  in  Park  County,  a  right-hand  branch  of  South 

Platte  River Leadville. 

Sheep;  gulch  in  Eagle  County,  tributary  to  Eagle  River /TenmileDi8tnctSj)e- 

l    cial. 
Sheep;  mountain  in  Chaffee  County;  altitude,  12,447  feet. 

Sheep ;  mountain  in  Dolores  County Telluride. 

Sheep;  mountain  in  Gilpin  County Blackhawk. 

Sheep;  mountain  in  Elk  Mountains,  Gunnison  County;  alti- 
tude, 13,180  feet Lake  City. 

Sheep;  mountain  in  Huerfano  County;  altitude,  10,600  feet..  Huerfano  Park. 

Sheep;  mountain  in  Jefferson  County;  altitude,  8,675  feet Blackhawk. 

Sheep;  mountain  in  San  Juan  County Silverton. 

Sheep;  mountain  on  boundary  between  Summit  and  Eagle 

counties;  altitude,  12,380  feet Leadville. 

Sheep  Draw;  creek  in  Weld  County,   a    small  right-hand 

branch  of  Cache  la  Poudre  River,  tributary  to  South  Platte 

River Greeley. 

Sheep  Park;  valley  in  Park  County Leadville. 

Sheephom;  town  in  Eagle  County. 

Sheffield;  station  in  Denver  County  on  Union  Pacffic  Railroad. 

Shell;  canyon  in  Las  Animas  County,  tributary  to  Rule  Creek.  Higbee. 

Shenandoah;  village  in  Montrose  County. 

Shepherd;  creek  in  Montezuma  County,  a  left-hand  branch  of 

San  Juan  River. 
Sheridan;  mountain  in  Park  Range,  Park  County;  altitude, 

14,038  feet Leadville. 

Sheridan;  mountain  in  San  Juan  Mountains,  La  Plata  County; 

altitude,  12,785  feet Needle  Mountains. 

Sheridan;  town  in  Arapahoe  County;  population  in  1900,  442. 
Sheridan  Junction;  station  in  Jefferson  County  on  Colorado 

and  Southern  Railway ;  altitude,  5,297  feet Denver. 

Sheridan  Lake;  county  seat  of  Kiowa  County  on  Missouri 

Pacific  Railway;  population  in  1900^  100;  altitude,  4,065  feet. 

Sherman;  village  in  Hinsdale  County;  altitude,  9,552  feet San  Cristobal. 

Sherman,   Mount;  in  Park  Range,   Park  County;  altitude, 

14,048  feet Leadville. 
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Sherrod;  post  village  in  Gunnison  County. 
Sherwood;  station  in  Eagle  County  on  Denver  and  Rio(irande 

Railroad;  altitude,  6,890  feet. 
Shields;  village  in  Arapahoe  County. 
Shiznxnel;  station  in  Ouray  County  on  Denver  and  Rio  Grande 

Railroad. 
Shingle;  peak  in  Garfield  County;  altitude,  12,072  feet. 
Shirley;  station  in  Chaffee  County  on  Denver  and  Rio  (irande 

Railroad;  altitude,  6,659  feet. 
Shirley;  village  in  Saguache  County. 
Shistos;  village  in  Saguache  County. 
Shoebeck;  gulch  in  La  Plata  County,  tributary  to  I^i  Plata 

River La  Plata. 

Shoshone;  station  in  Garfield   County  on  Denver  and   Rio 

Grande  Railroad;  altitude,  6,109  feet. 
Shuck;  creek  in  Larimer  County,  a  left-hand  branch  of  Big 

Laramie  River. 
Sidney;  poet  village  in  Routt  County. 
Sidney;  station  in  Elbert  County  on  Colora<lo  and  Southern 

Railway;  altitude,- 7,032  feet. 
Sierra  Blanca;  group  of  mountains  in  Sangre  de  Cristo  Range, 

Costilla  County. 
Sierra  el  Late;  isolated  summit  of  volcanic  rock  rising  from  a 

plateau  in  the  southern  part  of  the  State. 

Signal;  butte  in  Teller  County;  altitude,  9,300  feet Platte  Canyon. 

Signal;  mountain  in  Larimer  County. 

Signal  Shot;  creek  in  Routt  County,  a  left-hand  branch  of 

Yampa  River. 
Silex,    Mount;    sum^nit  in  San  Juan   Mountainn,  San  Juan 

County;  altitude,  13,627  feet Needle  Mountains. 

Silla;  station  in  La  Plata  County  on  Denver  and  Rio  (Jranile 

Railroad;  altitude,  6,672  teet 
Sillsville;  village  in  Gunnison  County. 
Siloam;  post  town  in  Pueblo  County. 
Siloam  Spring;  station  in  Garfield  County  on  D(»nver  and  Rio 

Grande  Railroad;  altitude,  8,176  feet. 
Silt;  post  village  in  Garfield  County  on  Denver  an<l  Rio  Grande 

Railroad;  altitmle,  5,431  feet. 
Silver;    creek    in  Chaffee  County,   a  right-hand    branch   of 

Arkansas  River. 
Silver;  creek  in  Clear  Creek  County,  a  left-hand  branch  of 

Clear  Creek Georgetown. 

Silver;  creek  in  Clear  Creek  County,  a  right-hand  branch  offGeorgetown. 

Clear  Creek ICentral  City. 

Silver;   creek  m  Clear  Creek  County,  a  left-hand  branch  of 

Fall  River,  tributary  to  Clear  Creek Central  City. 

Silver;  creek  in  Dolores  County,  a  left-hand  branch  of  Dolores/ Engineer  Mountain. 

River.  iRico. 
Silver;  creek  in  Hinsdale  County,  a  left-hand  branch  of  Cot- 
ton w(X)d  Creek San  Cristobal. 

Silver;  hill  in  Gilpin  County;  altitude,  8,750  feet (Blackhawk. 

IC^ntral  City  Special. 
Silver;  hill  in  Park  County;  altitude,  13,880  feet. 
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Silver;  lake  in  San  Juan  County Silverton. 

Silver;  mountain  in  La  Plata  County La  Plata. 

Silver;  mountain  in  San  M iguel  County Telluride. 

Silver;  run  in  Fremont  County,  a  left-hand   bram^h  of  Oak 

Creek,  tributary  to  Arkansas  River Canyon  City. 

Silver  Basin;  valley  in  Gunnison  County Anthracite. 

Silver  Basin;  valley  in  Ouray  County Silverton. 

Silver  Cliff;  post  town  in  Custer  County;  population  in  1900, 

576 Canyon  City. 

Silverheels,  Mount;  in  Park  Range,  Park  County;  altitude, 

13,835  feet Leadville. 

Silver  Lake  Basin;  valley  in  La  Plata  County I^  Plata. 

Silver  Lake  Basin;  valley  in  San  Miguel  County Telluride. 

Silver  Ledge;  post  village  in  San  Juan  County. 

Silver  Plume;  post  town  in  Clear  Creek  County  on  Colorado 

and  Southern  Railway;  population  in  1900,  775;  altitude, 

9,189  feet. 
Silverton;  county  seat  of  San  Juan  County  on  the  Denver  and 

Rio  Grande,  the  Silverton  Northern,  and  the  Silverton  ^ 

railroads;  population  in  1900,  1,360;  altitude,  9,288  feet...  Silverton. 
Silverton,  Gladstone  and  Northerly  Railroad;  line  extend- 
ing from  Silverton  to  Gladstone,  a  distance  of  7  miles. 
Silverton  Northern  Railroad;  line  extending  from  Silvertcn 

to  Eureka,  a  distance  of  9  miles. 
Silverton  Railroad;  a  line  running  from  Silverton  to  Red 

Mountain,  a  distance  of  14  miles. 
Silvia;  station  in  Las  Animas  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,042  feet. 
Simons;  gulch  in  Montezuma  County,  tributary  to  McElmo 

Creek. 
Simons;  station  in  Rio  Grande  County  on  Denver  and  Rio 

Grande  Railroad. 
Simpson;  station  in  Las  Animas  County  on  Atchison,  Topeka 

and  Santa  Fe  Railway;  altitude,  5,612  feet. 
Sindbad;  valley  surrounded  by  cliffs,  at  the  base  of  Sierra  la 

Sal. 
Sizmile;  canyon   in  Boulder  County,  tributary  to  I^efthand 

Creek Boulder. 

Sixmile;  creek  in  Fremont  County,  a  left-hand  branch  of 

Arkansas  River Canyon  City. 

Sizmile;  creek  in  Larimer  County,  a  left-hand  branch  of  Cache 

la  Poudre  River. 
Sizmile;  creek  in  Pueblo  County,  a  right-hand  branch  of 

Arkansas  River Nepesta. 

Sizmile  Park;  valley  in  Fremont  County Pikes  Peak. 

Skinners;  station  in  El  Paso  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  5,772  feet. 
Skull;  creek  in  Routt  County,  a  left-hand  branch  of  Bear  River. 
Skull  Creek;  pass  in  Routt  County;  altitude,  7,797  feet 
Skunk;  creek  in  Gunnison  County,  a  right-hand  branch  of 

Lake  Fork  Gunnison  River ^. Lake  City. 

Slaghts;  station  in  Park  County  on  Colorado  and  Southern 

Railway;  altitude,  8,028  feet 
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Slagle  Basin ;  valley  in  San  Juan  County Sil verton. 

Slate;  peak  in  Elk  Mountains,  Gunnison  County;  altitude, 

12,989  feet. Anthracite. 

Slate;  river  in  Gunnison  County,  a  right-hand  branch  of  East r Crested  Butte. 
River,  tributary  to  Gunnison  River lAnthracite. 

Biater;  post  town  in  Routt  County. 

Blaters  Fork;  in  Routt  County,  a  left-hand  branch  of  Little 
Snake  River,  tributary  to  Yampa  River. 

fOaughterhouse;  gulch  in  Hinsdale  County,  tributary  to  Lake 

Fork  Gunnison  River Lake  City. 

iSRide  Rock;  mountain  in  La  Plata  County Durango. 

fliiderock  Basin;  valley  in  Montezuma  County La  Plata. 

Sligo;  station  in  Weld  County  on  Burlington  and  Missouri 
River  Railroad. 

Sloan;  lake  in  Denver  County Denver. 

Sloan;  lake  in  Hinsdale  County Sil  verton. 

Sloan;  station  in  La  Plata  County  on  Denver  and  Rio  Grande 
Railroad. 

Sloane;  station  in  Eagle  County  on  Colorado  Midland  Rail- 
way; altitude,  7,167  feet. 

Slumgullion;  creek  in  Gunnison  County,  a  left-hand  branch 

of  East  River,  tributary  to  Gunnison  River Crested  Butte. 

Slumgrullion;  giilch  in  Hinsdale  County,  tributary  to  San  Cris- 
tobal Lake San  Cristobal. 

Smith;  canyon  in  Otero  and  Las  Animas  counties,  tributary  to 

Purgatory  River Higbee. 

Smith;  gulch  in  Fremont  County,  tributary  to  Currant  Creek.  Pikes  Peak. 

Smith;  hill  in  (lilpin  County  on  Colorado  and  Southern  Rail- 
way; altitude,  7,620  feet Blackhawk. 

Smith;  hollow  in  Laa  Animas  County,  a  right-hand  branch  of 

Apishapa  River Apishapa. 

Smith;  lake  in  Denver  County Denver. 

Smith  Hill;  gulch  in  Gilpin  County,  tributary  to  North  Clear 

Creek Blackhawk. 

Smiths  Fork;  in  Montrose  and  Delta  counties,  a  right-hand 
branch  of  Gunnison  River. 

Smithy;  mountain  in  Boulder  County;  altitude,  7,100  feet Boulder. 

Smoky;    creek  in  Cheyenne  County,  a  left-hand  branch  of 

Smoky  Hill  River Cheyenne  Wells. 

Smoky  Hill;   river  originating  in   North  Fork,  Kit  Carson 
County,  a  large  branch  of  Kansas  River. 

Smuggler;  mountain  in  San  Juan  Mountains,  Pitkin  County. 

Smuggler;  post  town  in  San  Miguel  County. 

Smuggler  Mountain;  creek  in  Pitkin  County,  a  right-hand 
branch  of  Roaring  Fork. 

Snake;  river  in  Summit  County,  a  right-hand  branch  of  Blue 
River,  tributary  to  Grand  River. 

Snare;  creek  in  Hinsdale  County,  a  right-hand  branch  of  Cot- 
tonwood Creek,  tributary  to  Lake  Fork  Gunnison  River..  Silverton. 

Sneffels;  mountain  in  San  Juan  Mountains,  Ouray  County; 
altitude,  14,158  feet. 

Sneffels;  post  village  in  Ouray  County Silverton. 

Bnipea;  post  village  in  Mesa  County. 
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Sno^v;  station  in  Dolores  CJounty  on  Denver  and  Rio  Grande 
Railroad. 

Snowden;  lake  in  Otero  County Apishapa. 

SnoiPden;  peak  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13,070  feet Needle  Mountains. 

Sliowden;  station  in  Lake  County  on  Colorado  Midland  Rail- 
way; altitude,  9,388  feet. 

Snowdrift;  gulch  in  Clear  Creek  County,  tributary  to  Clear 
Creek. 

Bnowxnass;  creek  in  Pitkin  County,  a  left-hand  branch  of 

Roaring  Fork,  tributary  to  Grand  River Aspen. 

Snowxnass;  mountain  in  Elk  Mountains,  Gunnison  County; 
altitude,  13,970  feet. 

Snowxnass;  poet  village  in  Pitkin  County  on  Colorado  Mid- 
land Railway;  altitude,  6,880  feet. 

Snowslide;  gulch  in  J^  Plata  County,  tributary  to  La  Plata 

River ^ La  Plata. 

Snowstonn;  peak  in  La  Plata  County La  Plata. 

Snyder;  post  village  in  Moiigan  County  on  Union  Pacific  Rail- 
road; altitude,  4,172  feet. 

Sockrider;  peak  in  San  Juan  Mountains,  Dolores  County;  alti- 
tude, 12,315  feet Rico. 

Soda;  creek  in  Clear  Creek  County,  a  right-hand  branch  of 

Clear  Creek Georgetown. 

Soda;  creek  in  Grand  County,  a  right-hand  branch  of  Grand 
River. 

Soda;  creek  in  Pueblo  County,  a  left-hand  branch  of  Rock 

Creek,  tributary  to  Arkansas  River Pueblo. 

Soda;  creek  in  Routt  County,  a  right-hand  branch  of  Bear 
Creek. 

Soda;  gulch  ih  San  Juan  County,  tributary  to  Cement  Creek..  Silverton. 

Soda;  Springs  in  Lake  County Leadville. 

Solar;  station  in  Huerfano  County  on  Denver  and  Rio  Grande 
Railroad. 

Soldiers  Home;  station  in  Rio  Grande  County  on  Denver  and 
Rio  Grande  Railroad. 

Soledad;  station  in  La  Plata  County  on  Denver  and  Rio  Grande 
Railroad. 

Somerset;  post  village  in  Gunnison  County  on  Denver  and  Rio 
(irande  Railroad;  altitude,  6,055  feet. 

Sommers;  station  in  £1  Paso  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway. 

Sonora;  station  in  Pueblo  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  4,878  feet.     Post-office,  Lime. 

Sopris;  creek  in  Pitkin  County,  a  left-hand  branch  of  Roaring 
Fork. 

Sopris;  peak  in  Elk  Mountains,  Pitkin  County;  altitude,  12,823 
feet. 

Sopris;  post  village  in  IjAh  Animas  County  on  Colorado  and 

Southern  Railway Spanish  Peaks. 

Sopris;  town  in  Garfield  County  on  Colorado  Midland  Rail- 
way; altitude,  6,051  feet. 
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Sopris  Junction;  station  in  Las  Animas  County,  on  the  Colo- 
rado and  Southern  and  theColorado  and  Wyoming  railways. 

Sorrento;  station  in  Cheyenne  County  on  Union  Pacific  Rail- 
road; altitude,  4,382  feet. 

Sour;   creek  in  Grand  County,  a  left-hand  branch  of  North 

Platte  River.  * 

South;  canyon  in  Laa  Animas  County,  tributary  to  Apishapa 

River Apishapa. 

South;  peak  on  boundary  between  Park  and  Lake  counties. ..  Leadville. 

South  Arkansas;  river,  a  right-hand  branch  of  Arkansas 
River.  It  heads  in  Sa watch  Range,  and  flows  in  an  east- 
erly course  to  its  junction  with  the  Arkansas,  a  few  miles 
below  Salida. 

South  Boxilder;  creek  in  Boulder  County,  a  right-hand  branch 

of  Boulder  Creek,  tributary  to  South  Platte  River Denver. 

South  Boxilder;  peak  in  Boulder  County;  altitude,  8,533  feet.  Denver. 

South  Canon;  post  village  in  Garfield  County  on  Colorado 
Midland  Railway;  altitude,  5,683  feet. 

South  Canon;  town  in  Fremont  County ;  population  in  1900, 958. 

South  Cherry;  creek  in  Arapahoe  County,  a  right-hand  branch 

of  Cherry  Creek,  tributary  to  South  Platte  River Denver. 

South  Cheyenne;  creek  in  El  Paso  County,  fork  of  Cheyenne 

Creek,  tributary  to  Fountain  Creek Colorado  Springs. 

South  Cheyenne;  station  in  El  Paso  County  on  Colorado 
Springs  and  Cripple  Creek  District  Railway. 

South  Clear;  creek  in  Clear  Creek  County,  a  right-hand  branch 

of  Clear  Creek (icorgetown. 

South  Creede;  station  in  Mineral  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  8,772  feet. 

South  Denver;  post  village  in  Denver  County,  on  the  Ati-liison, 
Topeka  and  Santa  Fe  and  the  Colorado  and  Southern  rail- 
ways; altitude,  5,253  feet. 

Southern  Junction;  t^tation  in  La  Plata  County  on  Denver 
and  Rio  Grande  Railroad. 

Southern  TJte;  town  in  La  Plata  County. 

South  Fork;  post  village  in  Rio  Grande  County  on  Denver 
and  Rio  (irande  Railroad;  altitude,  8,188  leet. 

South  Fork;  station  in  San  Miguel  County  on  Denver  and 
Rio  Grande  Railroad;  altitude,  8,176  feet. 

South  Lookout;  peak  in  San  Juan  County Telluride. 

South  Mam;  summit  on  Battlement  Mesa  on  Iwundary  l)e- 
tween  Garfield  and  Mesa  counties;  altitude,  10,973  feet. 

South  Oak;  creek  in  Huerfano  County,  a  right-hand  branch 

of  1 1  uerfano  River Huerfano  Park. 

South  Park;  high  mountain  valley  near  the  central  part  of 
the  State,  drained  Southward  by  South  Platte  River;  the 
surface  is  generally  level  and  ranges  from  8,000  to  10,000 
feet. 

South  Park  Junction;  station  in  Arapahoe  C'ounty,  on  the 
Atchison,  Topeka  and  Santa  Fe  and  the  Colorado  and 
Southern  railways. 

South  Platte;  river,  one  of  the  two  forks  of  Platte  River; 
heading  in  mountains  of  South  Park  \u  li^OTl\\  «.\\d  ^outVv. 
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forks;  traverses  that  high  mountain  valley  in  a  south- 
easterly direction,  and  turning  to  the  northeast  winds  its 

way  through  the  broken  ridges  of  Front  Range  to  the  plains; 

thence  flowing  north  and  northeast  and  finally  nearly  east, 

it  joins  the  North  Platte  near  the  city  of  North  Platte, 

Nebr.;  discharge  at  Denver  for  1904,  151,700  acre-feet. 
South  Platte;  post  village  in  Jefferson  County  on  Colorado 

and  Southern  Railway;  altitude,  6,097  feet 
South  Platte;  village  in  Logan  County. 
South  Pueblo;  village  in  Pueblo  County. 
South  Rattlesnake;  butte  in  Las  Animas  and  Huerfano  coun- 
ties; altitude,  6,442  feet Apishapa. 

South  Biver;  peak  in  San  Juan  Mountains,  Mineral  County; 

altitude,  13,160  feet 
South  Bush;  creek,  right-hand  branch  of  Rush  Creek,  tribu- 
tary to  Arkansas  River. 
South  St.   Vrain;   creek  in  Boulder  County,  a  right-hand 

branch  of  St.  Vrain  Creek,  tributary  to  South  Platte  River.  Boulder. 
South  Sopris;  creek  in  Pitkin  County,  a  left-hand  branch  of 

Roaring  Fork. 
South  Table;  mountain  in  Jefferson  County;  altitude,  6,167 

feet Denver. 

South  Veta;  creek  in  Huerfano  County,  a  left-hand  branch  of 

Cuchara  River,  tributary  to  Huerfano  River Huerfano  Park. 

South  Willis;   gulch  in  Gilpin  County,  tributary  to  North 

Clear  (^reek Central  City  Special. 

Spanish;  creek  in  Saguache  Cdvnty,  a  left-hand  branch  of 

Cottonwood  Creek,  tributary  to  San  Luis  Creek. 
Spanish;  peaks,  two  in  number,  on  boundary  between  Las 

Animas  and  Huerfano  counties;  altitude,  13,620  and  12,708 

feet 
Spar;  village  in  Mineral  County. 
Sparkill;  village  in  Pitkin  County. 
Sparling;  gulch  in  Hinsdale  County,  tributary  to  Lake  Fork 

Gunnison  River Lake  City. 

Specimen;  mountain  in  I^rimer  County. 

Spence;  creek  in  Archuleta  County,  a  right-hand  branch  of 

San  Juan  River. 
Spencer;  gulch  in  1^  IMata  County,  a  left-hand  branch  of  La 

Plata  Ri  ver La  Plata. 

Spencer;  post  town  in  (iunnison  County;  population  in  1900,52. 

Spencer  Basin;  valley  in  San  Juan  County Silverton. 

Spicer;  post  village  in  I^arimer  County. 

Spikebuck;  station  in  Fremont  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  5,896  feet. 
Spiller;  peak  in  La  Plata  Mountains,  on  boundary  between 

Montezuma  and  La  Plata  counties La  Plata. 

Spinney;  station  in  Park  County  on  Colorado  Midland  Rail- 
way; altitude,  8,637  feet. 
Spirit;  gulch  in  Ouray  County,  tributary  to  Red  Mountain 

Creek Silverton, 
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Sprague;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 

Piceance  Creek,  tributary  to  White  River. 
Spring;  canyon  in  Baca  County,  tributary  to  Cimarron  River.  Vilas. 
Spring;  creek  in  Custer  County,  a  left-hand  branch  of  Grape 

Creek,  tributary  to  Arkansas  River. 
Spring;  creek  in  Gunnison  County,  a  left-hand   branch  of 

Taylor  River,  tributary  to  Gunnison  River Crested  Butte. 

Spring;  creek  in  Kit  Carson  and  Arapahoe  counties,  a  right- 
hand  branch  of  South  Fork  Republican  River. 
Spring;  creek  in  La  Plata  County,   a  left-hand  branch  of 

Animas  River Durango. 

Spring;  creek  in  Montrose  County,  a  left-hand  branch  of 

Uncompahgre  River. 
Spring;  creek  in  Rio  Grande  County,  a  right-hand  branch  of 

Rio  Grande. 
Spring;  creek  in  San  Miguel  County,  a  left-hand  branch  of 

Dolores  River. 
Spring;  creek  in  Teller  County,  a  left-hand  branch  of  Oil 

Creek,  tributary  to  Arkansas  River Hkes  Peak. 

Spring;  creek  in  Weld  County,  a  left-hand  branch  of  Pawnee 

Creek,  tributary  to  South  Platte  River. 
Spring;    gulch   in  Boulder  County,    tributary  to  Fourmile 

Creek Boulder. 

Spring;  gulch    in  Boulder  County,   tributary    to    I^fthand 

Creek Boulder. 

Spring;  gulch  in  Clear  Creek  County,  tributary  to  Clear  Creek .  Georgetown. 

Spring;  gulch  in  Gilpin  County Central  City  Special. 

Spring;  gulch  in  Gunnison  County,  tributary  tOh^Lake  Fork 

Gunnison  River I^ke  City. 

Spring;  gulch  in  La  Plata  County,  tributary  to  Cherry  Creek.  La  Plata. 

Spring, "•  hill  in  Logan  County. 

Spring  Branch;  in   Pueblo  County,   a  right-hand  branch  of 

St.  Charles  River Pueblo. 

Springdale;  post  village  in  Boulder  County;  altitude,  8,580 

feet Boulder. 

Springer;  station  in  Park  County  on  Colorado  Midland  Rail- 
way; altitude,  8,260  feet. 
Springfield;  post  town  and  county  seat  of  Baca  County;  popu- 
lation in  1900,  44 Springfield. 

Spring  Gulch;  town  in  Pitkin  County  on  Colorado  Midland 

Railway;  altitude,  5,286  feet. 
Spruce;  creek  in  Summit  County,  a  left-hand  branch  of  Blue 

River,  tributary  to  Grand  River Leadville. 

Spruce;  gulch  in  Boulder  County,  tributary  to  Lefthand  Creek.  Boulder. 
Spruce;  gulch  in  Dolores  County,  tributary  to  East  Dolores 

River Rico. 

Spruce  Creek;  station  in  Garfield  County  on  Denver  and  Rio 

(irande  Railroad. 
Squaw;  creek  in  Chaffee  County,  a  right-hand  branch  of  Ar- 

kansiis  River. 
Squaw;  gulch  in  Teller  County,  tributary  to  Cripple  Creek . . .  |  ^  . 
Squaw;  mountain  in  Teller  County,  near  Cripple  Creek;  alti-i^^^'^PP^^  ^^^^   ^^^'' 
tude,  10,376  feet I      ^^^^' 
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Squaw;  mountain  in  Front  Range;  altitude,  13,093  feet. 
Squirrel;  gulch  in  Clear  Creek  County,  tributary  to  Soda 

Creek Georgetown. 

Stag;  mesa  in  La  Plata  County Needle  Mountains. 

Stage;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Tirapas. 

Stamford;  town  in  Las  Animas  County;  altitude,  9,500  feet. 
Stampede;  creek  in  Grand  County,  a  right-hand  branch  of 

Grand  River. 
Stanley;  village  in  Costilla  County. 
Stapleton;  station  in  Montezuma  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  7,140  feet. 
Star;  peak  in  Sawtooth  Range  on  boundary  between  Pitkin 

and  Gunnison  counties;  altitude,  13,562  feet Crested  Butte. 

Starkville;  post  village  in  Las  Animas  County  on  Atchison, 

Topeka  and  Santa  Fe  Railway;  altitude,  (i,337  feet Spanish  Peaks. 

Starvation;  creek  in  La  Plata  County,  a  left-hand  branch  of 

Cherry  Creek,  tributary  to  La  Plata  River La  Plata. 

State  Beservoir;  artificial  lake  in  Las  Animas  County Spanish  Peaks. 

Steamboat;  mountain  in  Boulder  County;  altitude,  6,186  feet.  Boulder. 

Steamboat;  springs  in  Larimer  County. 

Steamboat  Springs;  post  village  in  Routt  County;  altitude, 

6,781  feet 
Steele;  hollow  in  Pueblo Coimty,  tributary  to  Fountain  Creek.  Pueblo. 
SteelB  Fork;  in  K\  Paso  and  Lincoln  counties,  a  right-hand  f Big  Springs.  ' 

branch  of  Horse  Creek,  tributary  to  Arkansas  River.  ISanborn. 

Stephen;  creek  in  Delta  County,  a  right-hand  branch  of  North 

Fork  Gunnison  River. 
Sterling;  post  town  and  county  seat  of  Ix)gan  County,  on  the 

Union  Pacific  and  the  Burlington  and  the  Missouri  River 

railroads;  population  in  1900,  998;  altitude,  3,932  feet. 
Stevens;  creek  in  La  Plata  County,  a  left-hand  branch  of  Ani- 
mas River Durango. 

Stewart;  peak  in  Saguache  County;  altitude,  14,032  feet. 
Stillwater;  creek  in  Grand  County,  a  right-hand  branch  of 

Grand  River. 
Stinking;  arroyo  in  Pueblo  County,  a  left-hand  branch  of  St. 

Charles  River Pueblo. 

Stinking;  spring  in  Pueblo  County Pueblo. 

Stock;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Spanish  Peaks. 

Stoiber ;  station  in  San  Juan  County,  on  Denver  and  Rio  Grande 

Railroad. 

StoU;  mountain  in  Park  County;  altitude,  10,915  feet Pikes  Peak. 

Stone;  canyon  in  Boulder  County,  tributary  to  St  Vrain  Creek.  Boulder. 
Stoneham;  station  in  Weld  County  on  Burlington  and  Mis- 
souri River  Railroad;  altitude,  4,583  feet. 
Stone  Prairie;  creek  in  Larimer  County,  a  left-hand  branch 

of  Buckhom  Creek,  tributary  through  Thompson  Creek  to 

South  Platte  River. 
Stoner;  creek  in  Dolores  County,  a  left-hand  branch  of  West 

Dolores  River,  tributary  to  Dolores  River Rico. 

Bull.  291—06 11 
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Stoner  Creek;  station  in  Montezuma  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  7,480  feet. 
Stonewall;  post  village  in  Las  Animas  County. 
Stonewall;  valley  between  North  and  South  forks  of  Pui^gatory 

River. 

Stonin^ton;  post  village  in  Baca  County Vilas. 

Stony;  gulch  in  Rio  Blanco  County,  tributary  to  Piceance 

Creek. 
Stony;  gulch  in  San  Juan  County,  tributary  to  Cunningham 

Creek Silverton. 

Stony;  mountain  in  San  Juan  Mountains,  San  Miguel  County; 

altitude,  12,677  feet Telluride. 

Stony;  pass  in  San  Juan  County ;  altitude,  12,592  feet Silverton. 

Stony  Creek;  town  in  Montezuma  County. 
Stony  Cut;  in  Hinsdale  County,  tributary  to  Lake  Fork  Gun- 
nison River Lake  City. 

Storm;  peak  in  Dolores  County Rico. 

Storm;  peak  in  San  Juan  County Silverton. 

Storm;  ridge  in  Gunnison  County;  altitude,  11,859  feet Anthracite. 

Storm  King;  i)eak  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13,742  feet Needle  Mountains. 

Stormy;  peak  in  Douglas  County;  altitude,  9,200  feet Platte  Canyon. 

Stormy;  peak  in  Park  County;  altitude,  11,748  feet Platte  Canyon. 

Stout;  creek  in  Fremont  County,  a  left-hand  branch  of  Big 

Cottonwood  Creek,  tributary  to  Arkansas  River. 
Stout;  post  village  in  Larimer  County  on  Colorado  and  South- 
ern Railway;  altitude,  5,479  feet. 
Strassburg;  station  in  Arapahoe  County  on  Union  Pa(;ific 

Railroad;  altitude,  5,576  feet. 
Stratter;  station  in  Delta  County  on  Denver  and  Rio  (Irande 

Railroad;  altitude,  4,870  feet. 
Stratton;  creek  in  Larimer  County,  a  rijrlU-lmnd  branch   of 

South  Fork  Cache  la  Poudre  River. 
Stratton;  station  in  Teller  County  on  Florence  and  Cripple 

Creek  Railroad;  altitude,  9,<S08  feet. 
Stratton  Junction;  station  in  El  Paso  County,  on  the  Colorado 

Springs  and  Cripple  Creek  District  and  the  Florence  and 

Cripple  Creek  railroads. 

Straub;  mountain  in  Fremont  a>unty /Cripple  Creek    Spe- 

l    cial. 

Straub;  mountain  in  Teller C<junty Pikes  Peak. 

Strawberry;  creek  in  Kio  Blanco  County, aright-hand  branch 
of  White  River. 

Stray  Horse;  gulch  in  Lake  County,  tributary  to  Arkansas 

River Leadville. 

Strong;  post  village  in  Huerfano  County. 

Stronita;  spring  in  Jefferson  County  on  Colorado  and  South- 
ern Railway. 

Struby;  station  in  Douglas  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway;  altitude,  5,485  feet. 

Stuart;  creek  in  Rio  Blanco  County,  a  left-hand  l>ranch  of 
Piceance  Creek. 
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Stuart;  station  in  Kiowa  County  on    Missouri  Pacific   Rail- 
way; altitude,  4,023  feet. 
Sublette;  station  near  south  line  of  Conejos  County  on  Denver 

and  Rio  Grande  Railroad;  altitude,  9,276  feet. 
Sublime;  post  village  in  El  Paso  County  on  Colorado  Springs 

and  Cripple  Creek  District  Railway;  altitude,  7,158  feet. 

Railroad  name,  Point  Sublime. 
Suffield;  village  in  J^as  Animas  County;  altitude,  6,211  feet. 
Suffolk;  town  in  San  Miguel  County. 
Sugrar  City;  i>ast  town  in  Otero  County  on  Missouri  Pacific 

Railway;  population  in  1900,  689. 
Sugarloaf;  creek  in  Summit  County,  a  left-hand  branch  of 

Tenniile  Creek,  tributary  to  Snake  River Leadville. 

Sugrarloaf;  gulch  in  Summit  County,  tributary  to  West  Fork  fTenmile District Spe- 

Tenmile  Creek.  I    cial. 

Sugarloaf;  mountain  in  Boulder  County;  altitude,  8,920  feet..  Boulder. 
Sugarloaf;  peak  in  Front  Range,  Clear  Creek  County;  altitude, 

12,513  feet Georgetown. 

Sugarloaf;  post  village  in  Boulder  County  on  Colorado  and 

Southern  Railway ;  altitude,  6,824  feet Boulder. 

Sugarloaf;  summit  on  boundary  Ixjtween  P^le  and  Summit 

counties;  altitude,  12,556  feet Leadville. 

Sugarloaf;  summit  in  Park  County. 

Sugarloaf  Bock;  summit  in  Hinsdale  County;  altitude,  10,831 

feet Lake  City. 

Sull;  creek  in  Huerfano  County,  a  left-hand  branch  of  Cuchara 

River,  tributary  to  Huerfano  River. 
Sullivan;  station  in  Arapahoe  County  on  Colorado  and  Southern 

Railway;  altitude,  5,477  feet.    Post-office,  Oakes. 
Sulphur;  creek  in  Dolores  County,  a  left-hand  branch  of  West 

Dolores  River,  tributary  to  Dolores  River Rico. 

Sulphur;  creek  in  Dolores  County,  a  right-hand  branch  of  East 

Dolores  River Rico. 

Sulphur;  creek  in  Rio  Blanco  County,  a  right-hand  branch  of 

Fourmile  Creek,  tributary  to  White  River. 
Sulphur;  gulch  in  Douglas  County,  tributary  to  Cherry  Creek.  Denver. 
Sulphur;  post  town  in  Rio  Blanco  County. 
Sulphur;  spring  in  Park  County. 
Sulphur;  spring  in  Routt  County. 
Sulphur  Springs;   post  village  and  county   seat  of  Grand 

County;  iK)pulation  in  IIKX),  106. 
Sultan;   creek  in  San  Juan  County,  a  right-hand  branch  of 

Animas  River Silverton. 

Sultan;  mountain  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  1 3,336  feet \ Silverton . 

Sultana;  town  in  San  Miguel  County.^ 

Summerville;  village  in  Boulder  County;  altitude,  7,200  feet.  Boulder. 

Summit;  county  near  the  center  of  the  State,  bounded  on  the 

north  by  Grand  County,  on  the  east  by  Grand,  Clear  Creek, 

and  Park  counties,  on  the  south  by  Park  and  Lake  counties, 

and  on  the  west  by  Eagle  County;  it  includes  the  upper 

valley  of  Blue  River,  extending  from  Williams  River  Moun- 
tains on  the  ea.st  to  Park  Range  on  the  west.    Ita  area  \ft 
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603  square  miles,  of  which  1  per  cent,  or  4,031  acres,  were 
under  cultivation  in  1900.  The  population  in  1900  was 
2,744;  and  of  Breckenridge,  the  county  seat,  976.  In  1900 
the  average  magnetic  declination  was  14°  00^  east  The 
mean  annual  rainfall  is  about  27  inches,  and  the  mean  an- 
nual temperature  40°  to  46°. 

Summit;  creek  in  San  Miguel  County,  a  right-hand  branch  of 

San  Miguel  River Telluride. 

Summit;  lake  in  Clear  Creek  County;  altitude,  12,740  feet Georgetown. 

Summit;  peak  in  San  Juan  Mountains  on  boundary  between 
Archuleta  and  Conejos  counties;  altitude,  13,323  feet. 

Summit;  peak  in  Park  County;  altitude,  10,1^0  feet. 

Summit;  station  in  £1  Paso  County  on  Manitou  and  Pikes  Peak 
Railway. 

Summit;  station  in  San  Juan  County  on  Silverton  Railroad. .  Silverton. 

Summit;  station  in  Teller  County  on  Colorado  Midland  Rail- 
way    Pikes  Peak. 

SummitviUe;   post  village  in  Rio  Grande  County;  altitude, 
11,089  feet. 

Sumner;  village  in  Conejos  County. 

Sun;  creek  in  Gunnison  County,  a  right-hand  branch  of  North 
Beaver  Creek,  tributary  to  Gunnison  River. 

Sunetha;  station  in  Archuleta  County  on  Denver  and  Rio 
Grande  Railroad. 

Sunflower;  station  in  Conejos  County  on  Denver  and  Rio 
Grande  Railroad. 

Sunlight;  peak  in  San  Juan  Mountains,  La  Plata  County;  alti- 
tude, 14,053  feet Needle  Mountains. 

Sunlight;  post  village  in  Garfield  C-ounty  on  Colorado  Mid- 
land Railway;  altitude,  7,572  feet. 

Sunny;  peak  in  Routt  County;  altitude,  7,442  feet. 

Sunnyside;  creek  in  Routt  County,  a  right-hand  branch  of 
Grand  River. 

Sunnyside;  village  in  Boulder  County . 

Sunset;  post  village  in  Boulder  County  on  Colorado  and  North- 
western Railroad Boulder. 

Sunshine;   mountain  in  San  Juan   Mountains,   San    Miguel 

County;  altitude,  12,945  feet Telluride, 

Sunshine;  i)eak  in  Hinsdale  County;  altitude,  14,018  feet San  Cristobal. 

Sunshine;  jwst  village  in  Boulder  County;  altitude,  7,151  feet.  Boulder. 

Sunshine;  station  in   (larfield  County  on  Colorado  Midland 
Railway;  altitude,  7,815  feet^ 

Sunshine;   town  in   Huerfano  County  on    Denver  and   Rio 
Grande  Railroad. 

Sunshine  Spur;  station  on  Colorado  Midland  Railway;  alti- 
tude, 7,553  feet. 

Superior;  post  village  in  Boulder  C'ounty  on   Colorado  and 
Southern  Railway. 

Surber;  post  village  in  El  Paso  County. 

Surface;  creek  in  Delta  County,  a  right-hand  branch  of  Gunni- 
8on  River, 
Buttle;  village  in  Delta  County. 
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fihvmllowB;  poet  village  in  Paeblo  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  4,875  feet. 
Swan;  village  in  Summit  County. 

Swan  Basin;  valley  in  Gunnison  County Anthracite. 

Swandyke;  post  village  in  Summit  County. 

Swansefa;  galch  in  San  Juan  County,  tributary  to  Animas 

River Sil  verton. 

Swansons;  station  in  Summit  County  on  Denver  and  Rio 

Grande  Railroad. 
Swamp;  canyon  in  San  Miguel  County,  tributary  to  Lake  Fork 

San  Miguel  River Telluride. 

Swampy;  pass  in  Gunnison  County Anthracite. 

Swede;  lakes  in  Boulder  County Niwot 

Sweetwater;  creek  in  Garfield  and  Eagle  counties,  a  right- 
hand  branch  of  Grand  Hiver. 
Swift;  creek  in  Custer  County,  a  left-hand  branch  of  Grape 

Creek,  tributary  to  Arkansas  River. 
Swink;  station  in  Otero  County  on  Atchison,  Topeka  and  Santa 

Fe  Railway;  altitude,  4,116  feet     Post-office,  Fairmount 
Swiasvale;  station  in  Fremont  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,856  feet 
Sylvanite;  station  in  Teller  County  on  Midland  Terminal 

Railway. 
Symons;  station  in  Otero  County  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  4,684  feet 

T;  gulch  in  Hinsdale  County,  tributary  to  Henson  Creek Lake  City. 

Tabequatche;  creek  in  Montrose  County,  a  right-hand  branch 

of  San  Miguel  River. 
Tabemash;  post  village  in  Grand  County. 

Table;  mesa  in  Boulder  County Niwot 

Table;  mountain  in  Boulder  County;  altitude,  5,385  feet Niwot. 

Table;  mountain  in  Larimer  County. 

Table  Bock;  village  in  Douglas  County Castle  Rock. 

Tack;  mountain  in  Summit  County. 

Taclamur;  post  village  in  Fremont  County. 

Talamantee;  creek  in  Routt  County,  a  right-hand  branch  of 

Vermilion  Creek,  tributary  to  Green  River. 
Talian;  station  in  Archuleta  County  on  Denver  and  Rio  Grande 

Railroad. 
Tallahaiiaee;  creek  in  Fremont  County,  a  left-hand  branch  of  fPikes  Peak. 

Arkansas  River.  ICanyon  City. 

Talpa;  post  village  in  Huerfano  County. 
Tfkmpa;  station  in  Weld  County  on  Burlington  and  Missouri 

River  Railroad. 
Tank;  creek  in  La  Plata  County,  a  left-hand  branch  of  Animas  fNeedle  Mountains. 

River.  lEngineer  Mountain. 

Tank;  peak  in  Routt  County;  altitude,  8,929  feet 
Tarryall;  creek  in  Park  County,  a  left-hand  branch  of  South 

Platte  River Platte  Canyon. 

Tarryall;  mountains  of  Front  Range  separating  Tarryall  Creek 

from  other  branohen  of  South  Platte  River Platte  Canyon. 

Tarryall;  pass  in  Park  County;  altitude,  12,466  feet. 
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Tarryall;  peak  in  Tarryall  Range,  in  Park  County;  altitude, 

11,300  feet Platte  Canyon. 

Tarryall;  poet  village  in  Park  County;  altitude,  10,254  feet. 
Taylor;  creek  in  Custer  County,  a  left-hand  branch  of  Grape 

Creek,  tributary  to  Arkansas  River. 
Taylor;  creek  in  Montezuma  County,  a  right-hand  branch  of 

Dolores  River I^  Plata. 

Taylor;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 

Piceance  Creek,  tributary  to  White  River. 

Taylor;  mountain  in  Boulder  County;  altitude,  9,134  feet Boulder. 

Taylor;  pass  in  Gunnison  County Crested  Butte. 

Taylor;  peak  in  Sawtooth  Range  on  boundary  between  Gun- 
nison and  Pitkin  counties;  attitude,  13,419  feet Crested  Butte. 

Taylor;  river  in  Gunnison  County,  a  right-hand  branch  of 

Gunnison  River Crested  Butte. 

Taylor;  station  in  Pueblo  County,  on  Atchison,  Topeka  and 

Santa  Fe  Railway;  altitude,  4,864  feet. 
Taylor  Creek;  station  in  Eagle  County  on  Colorado  Midland 

Railway. 
Taylor  Park;  valley  in  Gunnison  County. 
Taylor  River;  station  in  Gunnison  County  on  Denver  and  Rio 

Grande  Railroad. 
Teachout;  station  in  Gunnison  County  on  Colorado  and  South- 
em  Railway;  altitude,  8,027  feet. 
Tecalote;  creek  in  Las  Animas  County,  a  left-hand  branch  of 

West  Carrizo  Creek,  tributary  to  Cimarron  River Mount  Carrizo. 

Telescope;  mountain  in  Dolores  County;  altitude,  12,231  feet.  Rico. 
Teller;  county  near  the  center  of  the  State;  bounded  on  the 

north  by  Douglas  County,  on  the  east  by  El  Paw  County, 

on  the  south  by  Fremont  County,  and  on  the  west  by  Park 

County.     Its  surface  includes  high,  mountainous  territory 

at  the  heads  of  Fountain  Creek  and  other  branches  of  Arkan- 
sas River.     Its  area  is  551  square  miles,  of  w  hich  nearly  2 

per  cent,  or  4,685  acres,  were  under  cultivation  in  1900. 

The  population  in  1900  was  29,002;  and  of  Cripple  Creek, 

the  county  seat,  10,147.     The  mean  annual  rainfall  is  a1x)ut 

14  inches,  and  the  mean  annual  temperature  40°  to  45°. 

Teller;  lake  in  Boulder  County Ni wot. 

Teller;  post  village  in  Mineral  County. 

Teller;  village  in  I^rimer  County. 

Telluride;  county  seat  of  San  Miguel  County  on  Denver  and 

Rio  Grande  Railroad;  population  in  1900,  2,446;  altitude, 

6,744  feet Telluride. 

Telluride;  peak  in  San  Juan  Mountains,  San  Miguel  County..  Telluride. 
Tenderfoot;  creek  in  Montezuma  County,  a  right-hand  branch 

of  East  Dolores  River Rico. 

Tenderfoot;  hill  in  Teller  County l^'']'^^''  ^^"^^   ^^' 

I    cial. 

Tenmile;  creek  in  San  Juan  County,  a  left-hand  branch  of 

Animas  River Needle  Mountains. 

Tenmile;  creek  in  Summit  Couftty,  tributary  to  Blue  River; 
discharge  near  Kokomo,  March  6  to  November  20,  HI04, 
70,870  acre-feet Leadville. 
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Texuuile;    peak  in  Park  Range,  Summit  County;    altitude, 

12,800  feet. 
Texunile;  station  in  Summit  County  on  Denver  and  Rio  Grande 

Railroad. 
Tennessee;  pass  at  head  of  li^agle  and  Arkansas  rivers;  alti- 
tude, 10,229  feet. 
Tennessee  Colony;  village  in  Weld  County. 
Tennessee  Fork;  in  Lake  County,  a  right-hand  branch  of 

Arkansas  River Leadville. 

Tennessee  Pass;  station  at  summit  of  pass  of  same  name, 

between  Eagle  and  Lake  counties,  on  Denver  and  I^io 

Gran()|tltailroad Leadville. 

Teocalli;    mountain  in    Gunnison    County;    altitude,   13,220 

feet Crested  Butte. 

Tercio;  post  village  in  Las  Animas  County  on  Colorado  and 

Wyoming  Railway;  altitude,  7,819  feet. 
Terrace;  village  in  Conejos  County. 
Terrible;  creek  in  Routt  County,  a  left-hand  branch  of  Bear 

River,  tributary  to  Yampa  River. 

Terry;  lake  in  Boulder  County Niwot. 

Texas;  creek  in  Fremont  and  Custer  counties,  a  right-hand 

branch  of  Arkansas  River. 
Texas;  creek  in   Gunnison  County,  a  right-hand  branch  of 

Taylor  River. 
Texas  Creek;  post  village  in  Fremont  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  6,198  feet 

Texas  Mill;  village  in  Fremont  County \      P^  '^ 

Thatcher;  post  village  in  Las  Animas  County  on  Atchison, 

Topeka  and  Santa  Fe  Railway;  altitude,  6,408  feet Apishapa. 

The  Hook;  station  in  La  Plata  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,138  feet. 
Third;  creek  in  Adams  County,  a  right-hand  branch  of  South 

Platte  River Denver. 

Thirteenmile;  creek  in  Rio  Blanco  County ,  a  right-hand  branch 

of  Piceance  Creek,  tributary  to  White  River. 
Thirty-ninemile;  mountain  in  Park  County;  altitude,  11,000 

feet. 
Thirty-onemile;  creek  in  Park  County,  a  right-hand  branch 

of  Currant  Creek,  tributary  to  Arkansas  River. 
Thomasville;  post  village  in  Pitkin  County  on  Colorado  Mid- 
land Railway;  altitude,  7,968  feet. 
Thompson;  creek  in  Weld  County,  a  left-hand  branch  of  South 

Platte  River Greeley. 

Thompson;  gulch  in  Lake  County,  tributary  to  Arkansas  River.  Leadville. 
ThompsonPark;  valley  in  La  Plata  County;  altitude,  7,370  feet 
Thornburg;  post  village  in  Rio  Blanco  County. 
Thornton;  station  in  Mineral  County  on  Denver  and  Rio 

Grande  Railroad. 
Three;  buttee  in  Phillips  County. 
Threemile;  creek  in  Park  County,  a  right-hand   branch  of 

South  Platte  River. 
Three  Needles;  summits  in  San  Miguel  County Telluride. 
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Thunder;  batte  in  Douglas  County;  altitude,  9,779  feet Platte  Canyon. 

Thunder;  mountain  in  I-a  Plata  County Needle  Mountains. 

Thurman;  post  village  in  Washington  County. 

Tiger;  gulch  in  San  Juan  County,  tributary  to  Cement  Creek.  Silverton. 

T^'eras;  village  in  Las  Animas  County ^ Spanish  Peaks. 

Tile;  station  in  Fremont  County  on  Denver  and  Rio  Grande 

Railroad. 
Tilton;  mountain  in  Elk  Mountains,  Gimnison  County;  alti- 
tude, 12,633  feet Crested  Butte. 

Timber;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Spanish  Peaks. 

Timnath;  post  village  in  Larimer  County;  altitude,  4,878  feet.  -v 

Timpas;    creek  in    Otero    County,   a  right-hand    branch  offCatlin. 

Arkansas  River.  iTimpas. 

Timpas;  post  village  in  Otero  County;  altitude,  4,417  feet. 
Tin  Cup;  post  village  in  Gunnison  County;  population  in  1900, 

64. 
Tinley;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Spanish  Peaks. 

Tiog:a;  village  in  Huerfano  County Walsenburg. 

Tip  Top;  station  in  Elbert  County  on  Chicago,  Rock  Island 

and  Pat^ific  Railway;  altitu<le,  6,887  feet. 
Tirbircio;  creek  in  La  Plata  County,  a  left-hand  branch  of  La 

Plata  River La  Plata. 

Tob;  arroyo  in  Las  Animas  County,  a  right-hand  branch  of 

Chaquaqua  Creek,  tributary  to  Purgatory  River Mesa  de  Maya. 

Tobasco;  post  village  in  Las  Animas  County  on  Colorado  and 

Southern  Railway. 
Tobe;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River. Mesa  de  Maya. 

Todd;  gulch  in  BouMer  County,  tributary  to  Fourmile  Creek .  Boulder. 
Todd  Point;  end  of  plateau  in  Otero  County;  altitude,  4,(527 

feet Catlin. 

Tolland;  post  village  in  Gilpin  County,  on  Denver,  Northwest- 
ern and  Pacific  Railway. 
Toltec;  station  near  south  line  of  Conejos  C^ounty  on   Denver 

and  Rio  (irande  Railroad;  altitude,  9,965  feet. 
Toltec  Gorge;  station  in  Conejos  County  on  Denver  and  Rio 

Grande  Railroad. 
Toll  Gate;  creek  in  Arapahoe  County,  a  left-hand  branch  of 

South  Platte  River .' Denver. 

Toluca;  station  in  Douglas  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  5,663  feet. 
Tomah;  station  in  Douglas  County,  on  Atchison,  Topeka  and 

Santa  Fe  Railroad;  altitude,  6,436  feet. 
Tomichi;  creek   in  Gunnison  County,  a  left-hand    branch   of 

Gunnison  River. 
Tomichi;  iM)st  village  in  (^unnison  County. 
Tomichi  Dome;  summit  in  (Junnison  County;  altitude,  11,384 

feet. 
Tongue;  creek  in  Delta  County,  a  right-hand  branch  of  Gun- 
nison River. 
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Tongue;  mesa-like  spur  of  San  Juan  Mountains  extending 

northward  between  Uncorapahgre  River  and  Ceboiia  Creek. 
Topaz;  mountain  in  Tarryall  Mountains,  Park  County;  alti-. 

tude,  9,200  feet. 
Topeka;  gulch  in  San  Juan  County,  tributary  to  Cement  Creek .  Silverton. 
Toponas;  creek  in  Routt  County,  a  left-hand  branch  of  Egeria 

Creek,  tributary  to  Grand  River. 
Toponas;  post  village  in  Routt  County. 
Torres;  post  village  in  Las  Animas  County. 
Torrey;  peak  in  Front  Range,  Summit  County;  altitude,  14,336 

feet. 
Torringrton;  village  in  Teller  County. 
Toiirtelotte;  village  in  Pitkin  County. 
Tower;  mountain  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13,444  feet Silverton. 

Tower  Junction;  station  in  Boulder  County  on  Burlington  and 

Missouri  River  Railroad;  altitude,  5,292  feet. 
Towner;  post  village  in  Kiowa  County  on   Missouri   Pacific 

Railway;  altitude,  3,924  feet Granada. 

Townsend;  village  in  Arapahoe  County. 

Townsite;  town  in  Baca  County. 

Trachyte;  mountain  in  Teller  County;  altitude,  10,876  feet...  Pikes  Peak. 

Tracy;  station  in  El  Paso  County  on  Midland  Terminal  Railway. 

Trail;  creek  in  Clear  Creek  County,  a  right-hand  branch  of  (Central  City. 

Clear  Creek.  \Georgetown. 

Trail;  creek  in  Grand  County,  a  right-hand  branch  of  Grand 

River. 
Trail;  creek  in  Larimer  County,  a  left-hand  branch  of  Cache 

la  Pond  re  River. 
Trappers;  lake  in  Gilpin  County. 
Travis;  station  in  Saguache  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  7,579  feet. 

Treasure ;  mountain  in  San  Juan  County Silverton. 

Treasury;  mountain  in  Elk  mountains,   Gunnison  County; 

altituile,  13,200  feet. 
Treatdale;  station  in  Jefferson  County  on  Denver,  Lakewood 

and  Golden  Railroad. 
Trident;  mesa  in  Gunnison  County,  running  northward  from 

San  Juan  Mountains;  it  is  divided  into  three  parts  by 

branches  of  the  Gunnison. 
Trilby;  station  in  Larimer  C/Ounty  on  Colora<lo  and  Southern 

Railway;  altitude,  5,015  feet. 

Trimble;  pass  in  San  Juan  Mountains,  IjSl  Plata  County Needle  Mountains. 

Trimble;  station  in  Ijsl  Plata  County  on  Denver  and    Rio 

Grande  Railroati ;  altitude,  6,563  feet Durango. 

Trinmied  Tree;  summit  in  Las  Animas  County Spanish  Peaks. 

Trinchera;  creek  in  Las  Animas  County,  a  right-hand  branch  fElmoro. 

of  Purgatory  River.  I  Mesa  de  Maya. 

Trinchera;  mountain  in  Sangre  de  Cristo  Range,  on  Ijoundary 

between  Las  Animas,   Costilla,   and   Huerfano  counties; 

altitude,  13,546  feet. 
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Trincliera;  poet  village  in  Las  Animas  County  on  Colorado 
and  Southern  Railway;  altitude,  5,741  feet.  Railroad  name, 
Mortimer Elmoro. 

Trincliera;  river  in  Costilla  County,  a  left-hand  branch  of  Rio 
Grande. 

Trinchera;  station  in  Costilla  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  8,104  feet. 

Trinidad;  county  seat  of  I.as  Animas  County  on  the  Atchison, 
Topeka  and  Santa  Fe,  the  Colora<lo  and  Southern,  and  the 
Denver  and  Rio  Grande  railroads;  population  in  1900, 
5,345;  altitude,  5,985  feet. 

Trinidad  Junction;  station  on  Denver  and  Rio  Grande  Rail- 
road; altitude,  4,657  feet. 

Trinity;  peaks  in  San  Juan  Mountains,  San  Juan  County;  alti- 
tudes, 13,752,  13,804,  and  13,745  feet Needle  Mountains. 

Troublesome;  creek  in  Grand  County,  a  ri^ht-hand  branch 
of  Grand  River. 

TroubleBome;  peak  in  Grand  County;  altitude,  11,500  feet. 

Troublesome;  post  village  in  (irand  County. 

Trout;  creek  in  Chaffee  County,  a  left-hand  branch  of  Ar- 
kansas River. 

Trout;  creek  in  Douglas  County,  a  right-hand  branch  of  South 

Platte  River Platte  Canyon. 

Trout;  creek  in  Gunnison  County,  a  right-hand  branch  of  Lake 

Fork  Gunnison  River Lake  City. 

Trout;  creek  in  Park  County,  a  left-hand  branch  of  South 
Platte  River. 

Trout;  lake  in  San  Miguel  County;  altitude,  9,800  feet. 

Trout  Creek;  pass  through  Trout  Creek  Hills,  betwetm  Chaf- 
fee and  Park  oountien;  altitude,  9,346  feet. 

Trout  Creek  Pass;  hills  in  Park  Range. 

Trout  Lake;  station  in  San  Miguel  County  on  Denver  and  Rio 

Grande  Railroatl;  altitude,  9,790  feet Telluride. 

Trowel  Ranch;  station  in  Morgan  County  on  Burlington  and 
Missouri  River  Railroad;  altitude,  4,158  feet. 

Troy;  post  village  in  Las  Animas  County Mesa  de  Maya. 

Truesdale;  creek  in  Clear  Creek  County,  a  right-hand  branch 

of  Bear  Creek,  tributary  to  South  Platte  River Georgetown. 

Trujillo;  canyon  in  Las  Animas  County,  through  which  flows 

a  tributary  of  Apishapa  River Spanish  Peaks. 

Trujillo;  post  village  in  Archuleta  County. 

Trujillo  Plaza;  village  in  Las  Animas  County Spanish  Peaks. 

Trull;  post  village  in  Routt  County. 

Truro;  village  in  Park  County Pikes  Peak. 

Tucker;  gulch  in  Jefferson  County,  tributary  to  Clear  Creek..  Blackhawk. 

Tucker;  mountiiin  in  Summit  Countv rTenmileDistrictSiie- 

I     cial. 

Tumbleson ;  lake  in  Boulder  County Boulder. 

Tuna;  station  in  Huerfano  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  6,119  feet. 
Turkey;  creek  in  Eagle  County,  a  left-hand  branch  of  Arkansas 

River. 
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Turkey:  creek  in  Hnerfai^o  County,  a  left-hand  branch  of 

Huerfano  River Huerfano  Park. 

Turkey;  creek  in  Jefferson  County,  a  right-hand  branch  of 

Bear  Creek,  tributary  to  South  Platte  River Denver. 

Turkey ;  creek  in  Pueblo  County,  a  left-hand  branch  of  A  rkansas 

River 1 Pueblo. 

Turkey;  creek  in  San  Miguel  County,  a  right-hand  branch  of 

Lake  Fork  San  Miguel  River Telluride. 

Turkey;  ridge  in  Huerfano  County;  altitude,  6,000  feet Walsenburg. 

Turkey  Basin;  valley  in  San  Miguel  County Telluride. 

Turkeys  Boost;  Huminit  in  Larimer  County. 

Tiirkshead;  summit  in  Jefferson  C/Ounty;  altitude,  8,078  feet. .  Platte  Canyon. 

Turret;  creek  in  (larfield  County,   a  right-hand   branch   of 

Swc»etwater  Creek,  tributary  to  Grand  River. 
Turret;  peak  in  Garfield  County. 

Turret;  peak  in  San  Juan  Mountains,  La  Plata  County;  alti- 
tude, l.S,819  feet Needle  Mountains. 

Turret;  peak  in  Rio  Blanco  County. 
Turret;  post  village  in  Chaffee  County. 

Turtle;  buttes  in  Pueblo  County Pueblo. 

Tuscarora;  gulch  in  Boulder  County,  tributary  to  Lefthand 

Creek Boulder. 

Tuttle;  cret^k  in  Saguache  County,  flowing  into  a  sink. 

Tuttle;  mountain  in  San  Juan  County Silverton. 

Tuttle;  post  village  in  Kit  Carson  County. 

Twelvemile;  creek  in  Park  County,  a  right-hand  branch  of 

South  Platte  River I..eadville. 

Twelvemile  Park;  valley  in  Fremont  County Pikes  Peak. 

Twilight;  peak  in  San  Juan  Mountains,  San  Juan  County; 

altitude,  13, 153  feet Needle  Mountains. 

Twin;  buttes  in  Cheyenne  County;  altitude,  4,(508  feet Kit  Carson. 

Twin;  buttes  in  (larfield  County;  altitude,  8,950  feet. 

Twin;  buttes  in  Ia  Plata  C<^unty Durango. 

Twin;  creek  in  Park  and  Teller  counties,  tributary  to  Lake 

George Pikes  Peak. 

Twin;  lakes  in  Lake  County  produced  by  terminal  moraines..  Leadville. 
Twin;  mesas  forming  the  south  wall  of  the  Black  Canyon  of  the 

Gunnison;  altitude,  9,000  to  10,000  feet. 
Twin  Cones;  suiimiits  in  Park  County;  altitude,  12,400  feet. 
Twin  Lakes;  post  village  in  Lake  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  9,015  feet Leadville. 

Twin  Sisters;  lake  in  San  Juan  County;  altitude,  13,438  feet. .  Telluride. 

Twin  Sisters;  summits  in  San  Juan  County Telluride. 

Two;  buttes  in  Baca  County;  altitude,  4,716  feet Two  Butte. 

Mount  Carrizo. 
Two  Butte;  creek  in  Baca  and  Las  Animas  counties,  a  left- 
hand  branch  of  Arkansas  River. 


Two  Butte. 

Albany. 

Granada. 


Two  Elk;  creek  in  Eagle  County,  a  left-hand  branch  of  Arkansas 

River. 
Twomile;  canyon   in    Boulder  County,  tributary  to   Boulder 

Creek Boulder. 
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Tyndall;  gulch  in  Custer  County,  tributary  to  Silver  Run (^uiyon  City. 

Tyndall  mountain  in  Custer  County;  altitude,  9,621  feet Canyon  City. 

Tyne;  village  in  Larimer  County. 

Tyrone;  station  in  Las  Animas  County  on  Atchison,  Topeka 

and  Santa  Fe  Railway ;  altitude,  5,628  feet Elmoro. 

TJla;  village  in  Custer  County. 

Ulysses  S.  Grant;  peak  in  San  Miguel  County Tellnride. 

Una;  station  in  Garfield  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  5,015  feet 

Unagrua;  spring  in  Montezuma  County;  altitude,  8,141  feet. 

Unaweep;  canyon  across  Uncompahgre  Plateau.  It  was  prob- 
ably the  former  course  of  Grand  and  Gunnison  rivers,  which 
were  diverted  to  their  present  course  by  the  elevation  of 
this  plateau. 

Unaweep;  station  in  Mesa  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  4,626  feet. 

Unaweep;  village  in  Mesa  County. 

Uncompahgfre;  mountains  in  the  northern  San  Juan  group. 

Uncompaligre;  peak  in  San  Juan  Mountains,  Hinsdale  County; 

altitude,  14,289  feet Lake  City. 

Uncompahgre;  plateau  in  Montrose  and  Mesa  counties,  sepa- 
rating the  waters  of  Dolores  and  San  Miguel  rivers  from 
those  of  the  Gunnison.  Its  crest  runs  north  west  and  south- 
east; altitude,  9,000  to  10,000  feet. 

Uncompaligre;  post  village  in  Montrose  County  on  Denver 
and  Rio  Grande  Railroad;  altitude,  6,173  feet. 

Uncompahgrre,  river;  a  left-hand  branch  of  Gunnison  River, 
heading  in  the  northern  part  of  San  Juan  Mountains  and 
flowing  nearly  northwest  to  its  mouth. 

UncompahgT'e;  fertile  valley  of  Uncompahgre  River. 

Uncompahgre  Forest  Reserve;  area  747  square  miles. 

Uncompahgre  Park;  valley  on  the  upper  waters  of  Uncom- 
pahgre River,  at  the  north  base  of  San  Juan  Mountains; 
altitude,  7,500  feet. 

Undercliffe ;  post  village  in  Pueblo  County Nepesta. 

UnevaLake;  station  in  Summit  County  on  Denver  and  Rio 
Grande  Railroad. 

Unfug;  ridge  in  Huerfano  County Walsenburg. 

Ungalooroosh;  creek  in  Rio  Blanco  County,  a  right-hand 
branch  of  White  River. 

Ungatoowis;  creek  in  Routt  and  Rio  Blanco  counties,  a  right- 
hand  branch  of  White  River. 

Union;  gulch  in  Lake  County,  tributary  to  Arkansas  River...  Leadville. 

Union;  gulch  in  Summit  County,  tributary  to  West  Fork  Ten-/Tenmile District Spe- 
mile  Creek.  I    cial. 

Union;  mountain  in  Summit  County;  altitude,  12,8.S6  fet^t s       .  .  *  '^ 

Union;  station  in  Fremont  County  on  Florence  and  Cripple 
Creek  Railroad. 

Union;  station  in  Morgan  Coimty,  on  the  Burlington  and  Mis- 
souri River  and  the  Union  Pacitic  railroads;  altitude,  4,112 
ieet 
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Union  Pacific  Bailroad;  system  having  important  lines  from 

Denver  north  to  Cheyenne,  Wyo.,  and  east  to  Kansas  City, 

Mo. 
Union  Park;  valley  in  Gunnison  County;  altitude,  9,655  feet 
Union  Spur;  station  on  Colorado  Midland  Railway;  altitude, 

8,219  feet. 

United  States  Basin;  valley  in  San  Juan  County Silverton. 

University  Park;  post  village  in  Denver  County. 

Upham;  gulch  in  Boulder  County,  tributary  to  North  Boulder 

Creek Boulder. 

Upi>er  Grand  Valley;  peak  in  Grand  County;  altitude,  12,513 

feet. 
Upper  Muddy  or  Conical;  butte  in  Larimer  County;  altitude, 

9,848  feet. 

Upper  Park;  high  mountain  valley  in  La  Plata  County Needle  Mountains. 

Uranium;  post  village  in  Montrose  County. 

Urmston;  town  in  Jefferson  County. 

Utah  Junction;  station  in  Arapahoe  County,  on  the  Burlington 

and  Missouri  River  and  the  Colorado  and  Southern  rail- 
roads; altitude,  5,211  feet. 
Utaline ;  station  in  Mesa  County  on  the  Denver  and  Rio  Grande 

Railway. 
Ute;  creek,  a  left-hand  branch  of  Arkansas  River. 
Ute;  creek  in  Clear  Creek  County,  a  left-hand  branch  of  West 

Chicago  Creek,  tributary  to  Chicago  Creek Georgetown. 

Ute;    creek  in  Costilla  Connty,  a  left-hand  branch   of  Rio 

Grande -. Huerfano  Park. 

Ute;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of  White 

River. 
Ute;  pass  between  Summit  and  Grand  counties. 
Ute;  peak  in  Grand  County;  altitude,  11,968  feet. 
Ute;  (El  Late)  peak  in  Montezuma  County;  altitude,  9,884  feet 
Ute;  station  in  Mesa  Connty  on  Denver  and  Rio  Grande  Rail- 
road; altitude,  4,528  feet. 

*Ute;  village  in  Huerfano  County Walsenburg. 

Ute  Indian  Reservation;  in  Montezuma  County. 

Ute  Junction;  station  in  La  Plata  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,113  feet La  Plata. 

Ute  Park;  station  in  El  Paso  County  on  Colora<lo  Midland 

Railway;  altitude,  7,558  feet. 
Vacas;  river,  a  right-hand  branch  of  Uncompahgre  River. 
Vachita;  canyon  in  Las  Animas  County,  tributary  to  Purga- 
tory River Mesa  de  Maya. 

Vadner;  village  in  Conejos  County. 
Valdai;  village  in  Larimer  County. 

Vallecito  Basin;  valley  in  La  Plata  County Needle  Mountains. 

Vallecito;  creek  in  La  Plata  County,  a  left-hand  branch  of  Rio 

de  los  PifSos Needle  Mountains. 

Vallecito;  post  village  in  La  Plata  County. 

Vallejo;  station  in  La  Plata  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  6,210  feet. 
Vallery ;  station  in  Morgan  County  on  Burlington  and  Missouri 

River  Railroad;  altitude,  4,449  feet. 
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Valley;  village  in  Kit  Carson  County. 

Valley  View;  station  in  Ouray  County  on  Denver  and  Rio 
Grande  Railroad. 

Vallie;  station  in  Fremont  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  6,322  feet. 

Valxnont;  butte  in  Boulder  County;  altitude,  5,394  feet Niwot 

Valmont;  station  in  Boulder  County  on  Union  Pacific  Rail- 
road; altitude,  5,175  feet Niwot 

Valverde;  post  town  in  Denver  County  on  Colorado  and  South- 
em  Railway;  i>opulation  in  1900,  665;  altitude,  5,221  feet .  Denver. 

Van  Bibber;  creek  in  Jefferson  County,  a  left-hand  branch  of 

.South  Platte  River Denver. 

Van  Bremer;  arroyo  in  Las  Animas  County Elmoro. 

Vance;  creek  in  Clear  Creek  County,  a  left-hand  branch  of 

Bear  Creek,  tributary  to  South  Platte  River Georgetown. 

Vance;  creek  in  San  Miguel  County,  a  right-hand  branch  of 

Lake  Fork  San  Miguel  River Telliu-ide. 

Vance  Junction;  station  in  San  Miguel  County  on  Denver 
and  Rio  Grande  Railroad;  altitude,  8,104  feet.  Post-office, 
Vance Telluride. 

Vanderbilt;  town  in  Ouray  County. 

VarroB,  town  in  Las  Animas  County. 

Vasquez;  creek  in  Grand  County,  left-hand  branch  of  Frazer 
River,  tributary  to  Grand  River. 

Vasquez;  peak  in  Grand  County;  altitude,  12,658  feet. 

Ve^;  poet  village  in  Mesa  County. 

Vegras;  station  in  Pueblo  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  4,760  feet. 

Velie;  pealc  in  Front  Range;  altitude,  13,456  feet. 

Venice;  station  in  Chaffee  County  on  Denver  and  Rio  (irande 
Railroad;  altitude,  8,214  feet. 

Verde;  post  village  in  Pueblo  County;  altitude,  5,090  feet. 

Verdemont;  station  in  Custer  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,897  feet. 

Vermilion;  bluffs  in  Routt  County. 

Vermilion;  creek  in  Routt  County,  a  left-hand  branch  of 
Green  River. 

Vermilion;  peak  in  San  Juan  Mountains,  San  Miguel  County; 

altitude,  13,870  feet Telluride. 

Vernal;  mesa  in  Montrose  County,  funning  a  i)art  of  the  south 
wall  of  the  Black  Canyon  of  the  Gunnison;  altitude,  9,000 
feet. 

Vernal;  station  in  Montrose  County  on  Denver  and  Rio  Grande 
Railroad. 

Vernon;  post  village  in  Yuma  County. 

Vesta;  station  in  Fremont  County  on  Florence  and  Crii)ple 
Creek  Railroad. 

Vestal;  peak  in  San  Juan  Mountains,  San  Juan  County;  alti- 
tude, 13,846  feet Nee<ile  Mountains. 

Veta;  creek  in  Huerfano  County,  left-hand  brancli  of  Cuchara 
River,  tributary  to  Huerfano  River. 

Veta  Pass;  station  in  Costilla  and  Huerfano  ijounties  on  Denver 

and  Rio  Grande  Railroad ;  altitude,  9,^7^  leel Huerfano  Park. 
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Veteran;  village  in  Saguache  County. 
Viceto;  village  in  La  Plata  County. 
Viduburg:;  village  in  Chaffee  County. 

Victor;  pass  in  Teller  County Pikes  Peak. 

Victor;  poet  town  in  Teller  County,  on  the  Colorado  Springe 

and  Cripple  Creek  District,  the  Florence  and  Cripple  Creek, 

aud  the  Midland  Terminal  railways;  population  in  1900, 

4,986;  altitude,  9,728  feet Pikes  Peak. 

Victor  (Hastings  P.  O. ) ;  city  in  Las  Animas  County;  population 

in  1900,  1,174. 
Victor  Junction;  station  in  Teller  County,  on  the  Colorado 

Springs  and  Cripple  Creek  District  and  the  Midland  Termi- 
nal railways. 

Vigil;  poet  village  in  Las  Animas  County Spanish  Peaks. 

Vilas;  post  village  in  Baca  County;  altitude,  4,155  feet Vilas. 

Villa  Grove;  post  town  in  Saguache  County  on  Denver  and 

Rio  Grande  Railroad;  population  in  1900, 103;  altitude,  7,962 

feet. 
Villa  Park;  town  in  Denver  County. 
Vindicator;  station  in  Teller  County  on  Florence  and  Cripple     - 

Creek  Railroad. 
Vindicator  Junction;  station  in  Teller  Coimty  on  Colorado 

Springs  and  Cripple  Creek  District  Railway;  altitude,  10,220 

feet. 

Vineland;  village  in  Pueblo  County Nepesta. 

Violeta;  creek  in  Archuleta  County,  right-hand  branch  of  Rio 

Navajo. 

Virginia;  butte  in  Gil pm  County;  altitude,  8,414  feet ridaho  Springs  Spe- 

l    cial. 

Virginia;  canyon  in  Clear  Creek  County,  tributary  to  Clearj  Idaho  Springs  Spe- 
Creek.  I    cial.  , 

Virginia;  gulch  in  La  Plata  County,  tributary  to  Florida  River.  Needle  Mountains. 

Virginia;  peak  in  Front  Range,  Jefferson  county;  altitude, 
10,600  feet. 

Virginia  Basin;  valley  in  Gunnison  County Crested  Butte. 

Virginia  Dale;  post  village  in  Larimer  County. 

Vista  Grande;  station  in  Teller  County  on  Florence  and  Crip- 
ple Creek  Railroad;  altitude,  10,506  feet. 

Vivian;  gulch  in  Clear  Creek  County,  tributary  to  Clear  Creek. /^^*^^  Springs  Spe- 

l    cial. 

Vona;  station  in  Kit  Carson  County  on  Chicago,  Rock  Island 
and  Pacific  Railway;  altitude,  4,498  feet. 

Vulcan;  post  village  in  Gunnison  County;  altitude,  8,190  feet. 

Vulcan  Crest;  in  I^  Garita  Hills;  altitude,  13,971  feet. 

Waddel;  creek  in  Routt  County,  a  left-hand  branch  of  Yam  pa 
River. 

Wade;  gulch  in  Hinsdale  County,  tributary  to  Lake  Fork  Gun- 
nison River San  Cristobal. 

Wagon;  creek  in  Costilla  County,  a  left-hand  branch  of  Sangre 

de  Cristo  Creek,  tributary  to  Trinchera  River Huerfano  Park. 

Wagon  Creek  Junction;  station  in  Costilla  County  on  Denver 
and  Rio  Grande  Railroad;  altitude,  8,259  feet. 
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Wagon  Wheel  Qap;  post  village  in  Mineral  Coanty;  altitude, 

.    8,437  feet 
Wahatoya;  creek  in  Huerfano  County,  a  right-hand  branch  of  fWalsenburg. 

Cuchara  River.  ISpanish  Peaks. 

Wahatoya;  station  in  Huerfano  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,492  feet. 
Wakeman;  village  in  Phillips  County. 

Walden;  post  town  in  I-Arimer  County;  population  in  1900, 141. 
Waldheim;  station  in  San  Juan  County  on  Silverton  Northern 

Railroad. 
Wales;  village  in  Adams  County. 

Walker;  mountain  in  Boulder  County;  altitude,  8,500  feet...  Boulder. 
Wallet;  post  village  in  Kit  Carson  County. 
Wallrock;  town  in  Routt  County. 

Walls;  gulch  in  La  Plata  C/Ounty,  tributary  to  Junction  Creek.  Durango. 
Wallstreet;  post  village  in  Boulder  County  on  Colorado  and 

Northwestern  Railway ;  altitude,  6,867  feet Boulder. 

Walsen;  crag  in  Huerfano  County;  altitude,  6,500  feet Walsenburg. 

Walsen;  post  village  in  Huerfano  County.     Railroad  name, 

Loma  Junction. 
Walsenburg:;  county  seat  of  Huerfano  County,  on  the  Denver 

and  Rio  (jrande  and  the  Colorado  and  Sonthem  railroads; 

population  in  1900,  1,033;  altitude,  6,187  feet 
Walsenburg  Junction;  station  in  Huerfano  County,  on  the 

Colorado  and  Southern  and  the  Denver  and  Rio  Grande 

railroads;  altitude,  6,170  feet. 
Walton;  creek  in  Routt  County,  a  right-hand  branch  of  Bear 

River. 
Walton;  creek  in  Larimer  County,  a  right-hand   ])ran('h  of 

Yampa  River. 
Wanamaker;  station  in  Jefferson  County  on  Colorado  and 

Southern  Railway. 
Wandell;  station  in   El   Paso  County  on   Colorado   Midland 

Railway. 
Wapiti;  peak  in  Routt  County;  altitude,  8,120  feet. 
Wapiti;  village  in  Summit  County. 

Ward;  post  village  in  Boulder  County  on  C-olorado  and  North- 
western Railroad;  [KDpulation  in  1900,  300;  altitude,  9,231 

feet. 

Warmspring;  pass  in  Park  County Leadville, 

Warren;  gulch  in  Clear  Creek  County,  tributary  to  Little  Bear 

Creek Georgetown. 

Warren;  town  in  Weld  County  on  Union  Pat^ific  Railroa<L 
Warrior;  station  in  Eagle  County  on  Denver  and  Rio  Grande 

Railroad. 
Wasatch;    mountain  in  San    Juan  Mf>untain8,   San    Miguel 

County;  altitude,  13,551  feet    Telluride. 

Washington;  county  in   the  northeastern  part  of  the  State; 

bounded  on  the  north  by  Logan  County,  on  the  east  by 

Yuma  County,  on  the  south  by  Lincoln  and  Kit  Carson 

counties,  and  on  the  west  by  Elbert  and  El  Paso  rounties. 

Its  surface  consists  of  rolling  plains.     The  area  is  2,498 
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square  miles.  The  population  in  1900  was  1,241;  and  of 
Akron,  the  county  seat,  351.  In  1900  the  average  mag- 
netic declination  was  13°  10^  east.  The  mean  annual  rain- 
fall is  about  14  inches,  and  the  mean  annual  temperature 
50°  to  55°. 

Washington;  gulch  in  Gunnison  County,  tributary  to  Slate fC'rested  Butte. 
River.  lAnthracite. 

Wason;  station  in  Mineral  County  on  Denver  and  Rio  Grande 
Railroad;  altitude,  8,591  feet. 

Water;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Meea  de  Maya. 

Water;  valley  in  Kiowa  County Cheyenne  Wells. 

Waterdog;  lake  in  Hinsdale  County;  altitude,  11,085  feet. 

Waterfall;  creek  in  San  Miguel  County,  a  left-hand  branch  of 

Lake  Fork  San  Miguel  River Telluride. 

Waters;  station  in  Teller  County  on  Midland  Terminal  Rail- 
way. 

Watervale;  station  in  Las  Animas  County  on  Colorado  and 

Southern  Railway ;  altitude,  6,067  feet Mesa  de  Maya. 

Watkins;  station  in  Adams  County  on  Union  Pacific  liailroad; 

altitude,  5,523  feet Denver. 

Watson;  post  village  in  Pitkin  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,149  feet. 

Waiinita;  post  village  in  Gunnison  County. 

Wayside;  village  in  Costilla  County. 

Weary  Mans;  creek  in  Eagle  County,  a  right-hand  branch  of 
Eagle  River. 

Weary  Mule;  creek  in  Routt  and  Rio  Blanco  counties,  a  right- 
hand  branch  of  White  River. 

Webster;  post  village  in  Park  County  on  Colorado  and  South- 
ern Railway;  altitude,  8,CC0  feet. 

Webster  Park;  elevated  tract  above  the  canyon  of  the  Arkan- 
sas on  the  south  side  of  the  river;  average  altitude,  6,800 
feet. 

Weehawken;  creek  in  Ouray  County,  a  left-hand  branch  of 

Canyon  Creek,  tributary  to  Uncompahgre  River Ouray. 

Weir;  village  in  Sedgwick  County;  altitude,  3,548  feet. 

Weiserhom;  station  on  Colorado  and  Southern  Railway; 
altitude,  5,240  feet 

Welba;  mountain  in  Routt  County. 

Welch;  station  in  Jefferson  County  on  Denver,  Lakewood  and 
Golden  Railroad. 

Weld;  county  in  the  extreme  northern  part  of  the  State; 
bounded  on  the  north  by  Wyoming  and  Nebraska,  on  the 
east  by  Logan  and  Morgan  counties,  on  the  south  by  Adams 
County,  and  on  the  west  by  Boulder  and  Larimer  counties. 
Its  surface  consists  of  rolling  plains.  The  area  is  3,918 
square  miles,  of  which  10  per  cent,  or  251,307  acres,  were 
under  cultivation  in  1900.  The  population  in  1900  was 
16,808;  and  of  Greeley,  the  county  seat,  3,023.  In  1900 
the  average  magnetic  declination  was  14°  05^  east  for  the 

Bull.  291—06 12 
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northeastern  part,  13°  25^  east  for  the  northwestern  part,  and 
13°  25^  eaft  for  the  southwestern  jmrt.  The  mean  annual 
rainfall  is  about  12  inches,  and  the  mean  annual  tempera- 
ture 40°  to  45°. 

Weldon;  station  in  Morgan  County,  on  Union  Pacific  Railroad; 
altitude,  4,341  feet.     Post-oflSce,  Dawkins. 

Wellington;  lake  in  Park  County Platte  Canyon. 

Wellington;  post  village  in  I^rimer  County. 

Wellsville;  station  in  Fremont  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  6,894  feet. 

Weminuche;  creek  in  Hinsdale  County,  a  right-hand  branch 
of  Rio  Piedra,  tributary  to  San  Jiian  River. 

Weminuche;  pass  in  San  Juan  Mountains,  Hinsdale  County; 
altitude,  10,622  feet. 

Wentz;  village  in  Weld  County Greeley. 

West;  canyon  in  I.as  Animas  County,  through  which  flows  a 

fork  of  Purgatory  River Spanish  Peaks. 

West;    creek  in  Douglas   and    Teller  counties,  a   left-hand 

branch  of  Trout  Creek,  tributary  to  South  Platte  River  . . .  Platte  Canyon. 

West;  creek  in  Mesa  County,  a  right-hand  branch  of  Dolores 
River,  originating  in  North  Fork. 

West;  station  in  Las  Animas  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway;  altitude,  5,198  feet. 

West  Beaver;  creek  in  Teller  and  Fremont  counties,  a  right- 
hand  branch  of  Beaver  Creek,  tributary  to  Arkansas  River.  Pikes  Peak. 

West  Bijou;  creek  in  Elbert,  Arapahoe,  and  Adams  counties, 
a  left-hand  branch  of  Bijou  Creek,  tributary  to  South 
Platte  River. 

West  Brush;  creek  in  Gunnison  County,  ii  right  hand  branch 

of  Cascade  Creek,  tributary  to  East  River Crested  Butte. 

West  Oarrizo;   creek  in  I^as  Animas  County,  ii  right-hand 

branch  of  Carrizo  Creek,  tributary  to  Cimarmn  River Mount  Carrizo. 

West  Cherry;  creek  in  Douglas  County,  a  left-hand  branch 

of  Cherry  Creek,  tributary  to  South  Platte  River J . .  Castle  Rock. 

West  Chicago;  creek  in  Clear  Creek   County,   a  left-hand 

branch  of  Chicago  Creek,  tributary  to  Clear  Creek Georgetown. 

Westcliffe;  post  town  in  Custer  County  on  Denver  and  Rio 
Grande  Railroad;  i>opulation  in  1900,  256;  altitude,  7,849 
feet Canyon  City. 

West  Colorado  Springes;  station  in  El  Paso  County  on  (Color- 
ado Midland  Railway. 

West  Creek;  post  town  in  Douglas  County;  population  in 
1900,  161. 

West  Crow;  creek  in  Weld  County,  a  right-hand  branch  of 
Crow  Creek,  tributary  to  South  Platte  River. 

West  Denver;  town  in  Arapahoe  County. 

West  Elk;  creek  in  Gunnison  Coimty,  a  right-hand  branch  of 
Taylor  River,  tributary  to  Gunnison  River. 

West  Elk;  peak  in  Elk  Mountains,  Gunnison  County;  alti- 
tude, 12,920  feet. 

West  ¥oTk.;  post  village  in  Montezuma  County. 
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West  Fork  Miller;  creek  in  Rio  Blanco  County,  a  left-hand 

branch  of  White  River. 
West  Fourmile;  creek  in  Park  and  Teller  counties,  a  right- 
hand  branch  of  Oil  Creek,  tributary  to  Arkansas  River  . . .  Pikes  Peak. 
West  Qlenwood;  station  in  Cjarfield  County,  on  the  Colorado 

Midland  and  the  Denver  and  Rio  Grande  railroads;  alti- 
tude, 6,741  feet. 
West  Lake;  village  in  Larimer  County. 
West  Lost  Trail;  creek  in  Hinsdale  County,  a  left-hand  branch 

of  Rio  Grande San  Cristobal. 

West  Mancos;  River  in  Montezuma  County,  a  right-hand 

branch  of  Dolores  River La  Plata. 

West  Milligan:  canyon  in  Las  Animas  County,  tributary  to 

Purgatory  River Spanish  Peaks. 

West  Monument;  creek  in  El  Paso  County,   a  right-hand 

branch  of  Monument  Creek,  tributary  to  Arkansas  River. .  Colorado  Springs. 
West  Needle;  mountains  in  San  Juan  Mountains,  San  Juan 

and  La  Plata  counties;  altitude,  13,050  feet Needle  Mountains. 

West  Newcastle;  station  in  Garfield  County  on  Denver  and 

Rio  Grande  Railroad;  altitude,  5,550  feet. 
Weston;  gulch  in  Lake  County,  tributary  to  Arkansas  River.  I.<eadville. 
Weston;  pass  in  Park  Range  between  Park  and  Lake  counties; 

altitude,  12,109  feet Leadville. 

Weston;  i)eak  in  Park  County Leadville. 

Weston;  post  village  in  Las  Animas  County;  altitude,  6,976 

feet. 
West  Paradox;  creek  in  Montrose  County,  a  left-hand  branch 

of  Dolores  River. 
West  Plum;  creek  in  Douglas  County,  a  right-hand  branch 

of  Plum  Creek,  tributary  to  South  Platte  River Castle  Rock. 

West  Ranch;  village  in  La  Plata  County Engineer  Mountain. 

West  Rock;  creek  in  Conejos  County,  right-hand  branch  of 

Rio  Conejos. 
West  Salida;  station  in  Chaffee  County  on  Denver  and  Rio 

Grande  Railroad. 
West  Salt;  creek  in  Mesa  and  Garfield  counties,  a  right-hand 

branch  of  Grand  River. 
Westside;  creek  in  Mesa  County,  a  right-hand  branch  of 

Dolores  River. 

West  Silver;  mesa  in  La  Plata  County Needle  Mountains. 

West  Spanish;  peak  on  lK)midary  between  Huerfano  and  I^as 

Animas  counties;  altitude,  13,623  fi^t Siwinish  Peaks. 

West  Willow  Creek  Junction;    station  in  Mineral  County 

on  Denver  and  Rio  Grande  Railroad. 
West  Wilson;  creek  in  Fremont  County,  a  right-hand  branch 

of  Oil  Creek,  tributary  to  Arkansas  River Pikes  Peak. 

Wet;  canyon  in  Las  Animas  County,  through  which  flows  a 

branch  of  Purgatory  River Spanish  Peaks. 

Wet;  short  outlying  range  of  mountains,  south  of  Arkansas 

River  and  east  of  Sangre  de  Cristo  Range Canyon  City. 

Wetmore;  post  village  in  Custer  County. 
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Wet  Mountain;   valley  lyinj?  between  Wet  Mountains  and 

Sangre  de  Cristo  Range;  it  is  drained  mainly  by  Grape 

Creek  to  the  Arkansas Canyon  City. 

Wet  Mountains  Forest  Reserve;  area  374  square  miles. 
Wetterhom;  peak  in  San  Juan  Mountains  on  boundary  be- 
tween Hinsdale  and  Ouray  counties;  altitude,  14,020  feet. .  Ouray. 
Whale;  peak  in  Park  County;  altitude,  13,200  feet 
Wheatland;  village  in  Larimer  County;  altitude,  5,430  feet. 
Wheatstone;  mountain  in  Elk  Mountains,  Gunnison  County; 

altitude,  12,548  feet Crested  Butte. 

Wheeler;  gulch  in  Summit  County,  tributary  to  West  ForkfTenmileDistrictSpe- 

Tenmiie  Creek.  I    cial. 

Wheeler;    station   in  Garfield  County  on  Denver   and  Rio 

Grande  Railroad;  altitude,  6,354  feet. 
Wheeler;    station   in  Summit  County  on   Denver  and  Rio fTenmile District Spe- 

Grande  Railroad;  altitude,  9,771  feet.  I    cial. 

Wheelman;  village  in  Boulder  County;  altitude,  6,318  feet...  Boulder. 

Whipple;  mountain  in  San  Miguel  County Telluride. 

White;  butte  in  Pueblo  County Pueblo. 

White;  creek  in  Eagle  County,  a  right-hand  branch  of  Turkey 

Creek,  tributary  to  Arkansas  River. 
White;  mountain  in  Garfield  County. 
White;  river  in  Rio  Blanco  County,  a  left-hand  branch  of 

Green  River,  heading  in  White  River  Plateau,  in  North 

and  South  forks,  and  flowing  in  a  generally  western  course 

into  eastern  Utah. 
White;  station  in  Summit  County  on  Colorado  and  Southern 

Railway. 
White;  town  in  Lincoln  County. 

Whitecap;  mountain  in  Dolores  County Engineer  Mountain. 

Whitecross;  mountain  in  Hinsdale  County San  Cristobal. 

Whitecross;  post  village  in  Hinsdale  County;  altitude,  10,754 

feet San  Cristobal. 

White  Dome;  summit  in  San  Juan    Mountains,   San  Juan 

County;  altitude,  13,607  feet Needle  Mountains. 

White  Earth;  creek  in  Gunnison  County,  a  left-hand  branch 

of  Gunnison  Kiver. 
White  Earth;  village  in  Gunnison  County;  altitude,   8,16;^ 

feet. 
Whiteface;  butte  in  Rio  Blanco  County;  altitude,  7,241  feet. 
Whiteface;  peak  in  Grand  County;  altitude,  11,494  feet. 
White  Fox;  creek  in  Eagle  County,  a  right-hand  branca  of 

Eagle  River. 
Whitehead;  gulch  in  San  Juan  County,  tributary  to  AnimasfNeedle  Mountains. 

River.  ISilverton. 

Whitehead;  peak  in  San  Juan  County Silverton. 

Whitehead;  peak  in  Routt  County;  altitude,  10,817  feet. 

Whitehom;  post  village  in  Fremont  County. 

Whitehouse;  mountain  in  San  Juan  Mountains,  Ouray  County; 

altitude,  13,496  feet Ouray. 

Whiteley;  mountain  in  Grand  County;  altitude,  9,848  feet. 
White  Park;  town  in  Boulder  County. 
White  Pillar;  summit  in  Montezuma  County. 
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White  Pine;  post  village  in  Gunnison  County;  population  in 
1900,  69. 

White  River;  plateau  in  the  northwestern  part  of  the  State,, 
containing  the  headwaters  of  White  River;  average  alti- 
tude, 11,000  to  12,000  feet. 

White  River;  post  village  in  Bjo  Blanco  County,  on  Colorado 
Midland  Railway. 

White  River  Forest  Reserve;  area,  1,517  square  miles. 

White  Rock;  mountain  in  Elk  Mountains,  Gunnison  County; 

altitude,  13,532  feet... Crested  Butte. 

White  Rock;  station  in  Boulder  County  on  Union  Pacific  Rail- 
road; altitude,  5,083  feet Niwot. 

Whitewater;  creek  in  Mesa  County,  a  right-hand  branch  of 
Gunnison  River. 

Whitewater;  post  village  in  Mesa  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  4,655  feet. 

White  Woman;   creek  in  Cheyenne  County,  a  right-hand 

branch  of  Walnut  Creek,  tributary  to  Arkansas  River Cheyenne  Wells. 

Whitney;  peak  in  Eagle  County Leadville. 

Wicher;  mountain  in  Park  County Pikes  Peak. 

Widefleld;  station  in  El  Paso  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  5,704  feet Colorado  Springs. 

Wieland;  gulch  in  La  Plata  County,  tributary  to  La  Plata 

River La  Plata. 

Wietzer;  station  in  Otero  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway. 

Wiggins;  post  village  in  Morgan  County  on  Burlington  and 
Missouri  River  Railroad.     Railroad  name,  Corona. 

Wigwam;  creek  in  Park  and  Jefferson  counties,  a  left-hand 

branch  of -South  Platte  River Platte  Canyon. 

Wigwam;  post  village  in  El  Paso  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  5,220  feet  Railroad  name, 
Henkel Colorado  Springs. 

Wilbur;  post  village  in  Fremont  County  on  Florence  and  Crip- 
ple Creek  Railroad;  altitude,  8,633  feet Pikes  Peak. 

Wildcat;  creek  in  Dolores  and  Montezuma  counties,  a  right- 
hand  branch  of  East  Dolores  River Rico. 

Wildcat;  creek  in  Gunnison  County,  a  right-hand  branch  of 
White  Earth  Creek,  tributary  to  Gunnison  River. 

Wildcat;  creek  in  Morgan  County,  a  left-hand  bran(;h  of  South 
Platte  River. 

Wildcat;  mound  in  Weld  County Greeley. 

Wild  Cherry;  creek  in  Saguache  County,  a  left-hand  branch 
of  San  Luis  Creek. 

Wilde;  village  in  Baca  County..-. Two  Butte. 

Wild  Horse;  creek  in  Prowers  County,  a  right-hand  branch  of 

Arkansas  River Granada. 

Wild  Horse;  creek  in  Cheyenne  County,  a  left-hand  branch  ("Kit  Carson, 
of  Big  Sandy  Creek,  tributary  to  Arkansas  River.  lArroyo. 

Wild  Horse;  creek  in  Pueblo  County,  a  left-hand  branch  of 

Fountain  Creek,  tributary  to  Arkansas  Ri  ver Pueblo. 

Wild  Horse;  peak  in  San  Juan  Mountains,  Ouray  County;  alti- 
tude, 13,271  feet i Ouray. 
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Wild  Horse;  post  town  in  Cheyenne  County;  altitude,  4,453 

feet Kit  Carson. 

Wild  Horse;  station  in  Chaffee  County  on  Colorado  Midland 

Railway;  altitude,  8,064  feet. 

Wild  Horse  Park ;  valley  in  Pueblo  County Pueblo. 

Wild  Horse  Point;  summit  in  Lincoln  County Arroyo. 

Wilkinson,  Mount;   in  Elk  Mountains,  Gunnison  County; 

altitude,  11,687  feet Crested  Butte. 

Willard;  station  in  Logan  County  on  Burlington  and  Missouri 

River  Railroad;  altitude,  4,345  feet. 
Williams;  canyon  in  El  Paso  County,  tributary  to  Fountain 

Creek Colorado  Springs. 

Williams;  creek  in  Larimer  County,  a  left-hand  branch  of 

Cache  la  Pond  re  River. 
Williams;  gulch  in  La  Plata  County,  tributary  to  I^a  Plata 

River La  Plata. 

Williams;  pass  between  Chaffee  and  Gunnison  counties. 
Williams;  peak  in  Grand  County;  altitude,  11,413  feet. 
Williams;  river  in  Routt  and  Rio  Blanco  counties,  a  branch  of 

Yampa  River,  heading  in  South  Fork;  discharge  at  Hamil- 
ton, May  1  to  October  31,  1904,  126,000  acre-feet. 
Williamsburg;  post  town  in  Fremont  County;  population  in 

1900,337.    Post-office,  Oak  Creek Canyon  City. 

Williamsburg;  village  in  Boulder  County. 

Williams  River;  mountains  of  the  second  order  in  Middle 

Park  separating  Blue  River  from  Williams  River. 
Willis;  gulch  in  Gilpin  County,  tributary  to  North  Clear  Creek .  Central  City  Special. 
Willis;  station  in  Conejos  County  on  Denver  and  Rio  Grande 

Railroad;  altitude,  7,574  feet. 
Willcw;  creek  in  Eagle  County,  a  right-hand  branch  of  Grand 

River. 
Willow;  creek  in  Arapahoe  and  Douglas  counties,  a  left-hand 

branch  of  Little  Dry  Creek,   tributary  to  South   Platte 

River Denver. 

Willow;  creek  in  Grand  County,  a  right-hand  branch  of  Grand 

River. 
Willow;  creek   in   Gunnison   County,  a  left-hand  branch  of 

Gunniscm  River Lake  City. 

Willow;  creek   in   Huerfano  County,  a  left-hand  branch  of 

Huerfano  River Huerfano  Park. 

Willow;  creek   in  Jefferson   County,  a  left-hand   branch   of 

South  Platte  River Platte  Canyon. 

Willow;  creek  in  I^rimer  County,  tributary  to  North  Platte 

River. 
Willow;  creek  in  Mineral  County,  a  left-hand  l)ranch  of  Rio 

Grande. 
Willow;  creek  in  Prowers  County,  a  right-hand  branch  of 

Arkansas  River T^mar. 

Willow;  creek  in  Rio  Blanco  County,  a  left-hand  branch  of 

Piceance  Creek,  tributary  to  White  River. 
Willow;  creek  in  San  Miguel  County,  a  right-hand  branch  of 

San  Miguel  River / Telluride. 

Willow;  spring  in  Garfield  County. 
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Willow;  spring  in  Las  Animas  County Mount  Carrizo. 

Willow  Creek;  pass  between  Larimer  and  Grand  counties; 

altitude,  9,683  feet 
Willow  Park;  station  in  Pitkin  County  on  Crystal  River  Rail- 
road. 
Willow  Spring;  creek  in  Fremont  County,  a  right-hand  branch 

of  Arkansas  River Pueblo. 

Wilson;  creek  in  Teller  an'cl  Fremont  counties,  a  left-hand 

branch  of  Oil  Creek,  tributary  to  Arkansas  River Pikes  Peak. 

Wilson;  creek  in  Routt  County,  a  left-hand  branch  of  Yampa 

River. 
Wilson;  creek  in  San  Miguel  County,  a  left-hand  branch  of 

Lake  Fork  San  Miguel  River Telluride. 

Wilson;   station  in  San  Miguel  County  on  Denver  and  Rio 

Grande  Railroa<l;  altitude,  7,711  feet.     Post-office,  New- 
mire. 
Wilson;  village  in  La^  Animas  County. 
Wilson,  Mount;  in  San  Juan  Mountains,  San  Miguel  County; 

altitude,  14,250  feet Telluride. 

Wilson  Park;  valley  in  Fremont  County Pikes  Peak. 

Winchell;  station  in  Huerfano  County  on  Colorado  and  South- 
em  Railway;  altitude,  6,191  feet. 
Wind;  mountain  in  Rio  Grande  County. 
Windom;  mountain  in  San  Juan  Mountains,  La  Plata  Countv; 

altitude,  14,084  feet Needle  Mountains. 

Windsor;  town  in  Weld  County  on  Colorado  and  Southern 

Railway;    population  in  1900,  »305;    altitude,  4,801   feet. 

Post-office,  New  Windsor. 
Windy  Point;  station  in  Teller  County  on  Colorado  Springs 

and  Cripple  Creek  District  Railway. 
Windy  Point;  town  in  El  Paso  County. 
Winfield;  post  village  in  Chaffee  County. 
Win  Held;  village  in  Chaffee  County. 
Winkflelds;  station  in  Dolores  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,893  feet. 

Winnebago;  hill  in  Gilpin  County Central  City  Special. 

Winnger;  gulch    in    Boulder  County,   tributary  to    Beaver 

Creek Blackhawk. 

Winona;  village  in  Larimer  County. 

Winston;  station  in  Logan  County  on  Burlington  and  Missouri 

River  Railroad;  altitude,  4,151  feet. 
Wirick;  creek  in  Custer  County,  a  left-hand  branch  of  Grape 

Creek,  tributary  to  Arkansas  River. 
Wolcott;  post  village  in   Eagle  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  6,965  feet. 
Wolf;  canyon  in  Las  Animas  County,  tributary  to  Purgatory 

River Spanish  Peaks. 

Wolf;  creek  in  Arapahoe  County,  right-hand  branch  of  Kiowa 

Creek,  tributary  to  South  Platte  River. 
Wolf;  creek  in  Gunnison  County,  a  right-hand  branch  of  White 

Earth  Creek. 
Wolf;  creek  in  Prowers  County,  a  right-hand  branch  of  Arkan-j Albany. 

has  River.  I  Granada. 
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WoUiurst;    station  in  Douglas  County  on  Denver  and  Rio 

Grande  Kailroa^l;  altitude,  5,404  feet Denver. 

Wolverine  Basin;  valley  in  Gunnison  County Anthracite. 

Wood;  mountain  in  San  Juan  Mountains,  on  boundary  between 

Hinsdale  and  San  Juan  counties;  altitude,  13,640  feet Silverton. 

Woodchuck;  peak  in  Clear  Creek  County Georgetown. 

Woodchuck  Basin;  valley  in  San  Juan  County Silverton. 

Woodcroft;  station  in  Pueblo  County  on  Denver  and  Rio 
Grande  Railroad. 

Woodland;  creek  in  Fremont  County,  a  left-hand  branch  of 

Hardscrabble  Creek,  tributary  to  Arkansas  River Canyon  City. 

Woodland  Park;  post  town  in  Teller  County  on  Colorado 
Midland  Railway;  population  in  1900,  269;  altitude,  8,479 
feet : Pikes  Peak. 

WoodmfF;  station  in  Fremont  County  on  Atchison,  Topeka  and 
Santa  Fe  Railway;  altitude,  4,952  feet. 

Woodstock;  station  in  Gunnison  County  on  Colorado  and 
Southern  Railway;  altitude,  11,028  feet.       . 

Woody;  creek  in  Pitkin  County,  a  right-hand  branch  of  Roar- 
ing Fork,  tributary  to  Grand  River ,. Aspen. 

Woody;  village  in  Pitkin  County  on  Denver  and  Rio  Grande 

Railroad Aspen. 

Woody  Creek;  station  in  Pitkin  County  on  Denver  and  Rio 
Grande  Railroad;  altitude,  7,260  feet. 

Wootton;  station  in  Las  Animas  County  on  Atchison,  Topeka 
and  Santa  Fe  Railway;  altitude,  7,534  feet. 

Work;  station  in  Teller  County  on  Colorado  Springs  and 
Cripple  Creek  District  l^ilway. 

Worm;  spring  in  Fremont  County. 

Wortman;  post  village  in  Lake  County. 

Wray;  county  seat  of  Yuma  County  on  Burlington  and  Mis- 
souri River  Railroad;  population  in  1900,  271;  altitude, 
3,531  feet. 

Wrights;  spring  in  San  Miguel  County. 

Wylies;  station  in  Gunnison  County  on  ('oloradoand  Southern 
Railway. 

Wynetka;  station  in  Jefferson  County  on  Colorado  and  South- 
ern Railway ;  altitude,  5,366  feet Denver 

Xenia;  station  in  VV^ashington  County  on  Burlington  and  Mis- 
souri River  Railroad;  altitude,  4,549  feet. 

Yale,  Mount;  in  Sawatch  Range,  Chaffee  County;  altitude, 
14,187  feet. 

Yale;  post  village  in  Kit  Carson  County. 

Yale;  station  in  Chaffee  County  on  Colorado  Midlaml  Railway; 
altitude,  8,68:^  feet. 

Yampa;  canyon  in  Routt  County  on  the  lower  course  of  Yampa 
River. 

Yampa;  peak  in  Routt  County;  altitude,  8,022  feet. 

Yampa;  plateau  between  Yampa  and  White  rivers,  extending 
westward  into  Utah,  where  it  in  cut  through  by  Grand 
River;  altitude,  nearly  9,000  feet. 

Yampa;  post  village  in  Routt  County. 
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Yampa;  river  in  Routt  County,  a  left-hand  branch  of  Green 

River,  heading  in  the  western  slopes  of  Park  Range  and 

flowing  in  a  generally  western  course  to  its  mouth;  dis- 
charge near  Maybell,  April  17  to  October  31,  1904,  816,900 

acre-feet. 

Yankee;  hill  in  Lake  County Leadville. 

Yankee;  post  village  in  Clear  Creek  County. 

Yankee  Bar;  mining  town  in  Gilpin  County Blackhawk. 

Yankee  Girl;  town  in  Ouray  County. 
Yeiser;  post  town  in  Las  Animas  County. 

Yellow;  mountain  in  San  Miguel  County. Telluride. 

Yellow  Jacket;  pass  in  Rio  Blanco  County;  altitude,  7,493  feet. 
Yellow  Jacket;  spring  in  Montezuma  County. 
Yellowstone;  gulch  in  Hinsdale  County,  tributary  to  North 

Fork  Henson  Creek Lake  City. 

Yoder;  town  in  El  Paso  County. 

Yorkville;  village  in  Fremont  County Canyon  City. 

Youman;  station  in  Gunnison  County  on  Denver  and  Rio 

Grande  Railroad;  altitude,  8,311  feet Lake  City. 

Yoxall;  station  in  Weld  County  on  Union  Pacific  Railroa<l. 
Yuma;  post  town  in  Yuma  County  on  Burlington  and  Missouri 

River  Railroad;  population  in  1900,  139;  altitude,  4,147 

feet. 
Yuma;  county  in  the  eastern  part  of  the  State;  bounded  on  the 

north  by  PhilHpe  County,  on  the  east    by  Kansas  and 

Nebraska,  on  the  south  by  Kit  Carson  County,  and  on  the 

west    by  Washington    County.     The  surface  consists  of 

rolling  plains.    Its  area  is  2,316  square  miles.    The  popula-    . 

tion  in  1900  was  1,729;  and  of  Wray,  the  county  seat,  271. 

In  1900  the  average  magnetic  declination  was  13°  00^  east. 

The  mean  annual  rainfall  is  about  16  inches,  and  the  mean 

annual  temperature  50°  to  55°. 
Zapata;  village  in  Costilla  County;  altitude,  7,562  feet. 
Zenobia;  peak  in  Routt  County;  altitude,  9,297  feet. 
Zinc  Junction;  station  in  Pueblo  County  on  Denver  and  Rio 

Grande  Railroad. 

Zion,  Mount;  in  Lake  County leadville. 

Zirkel;  post  village  in  I^rimer  County. 

Zirkel,  Mount;  in  Larimer  County;  altitude,  12,126  feet 

Zuni;  gulch   in  San  Juan  County,   tributary  to  South  Fork 

Animas  River Silverton. 
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THE  BRYOZOAN  FAUNA  OF  THE 
ROCHESTER  SHALE." 


By  Ray  S.  Bassler. 


INTRODUCTION. 

As  compared  with  the  other  Paleozoic  systems  affording  bryozoa,  the  Silurian,  with  the 
exception  of  the  Helderbergian  b  group,  has  received  least  attention.  Ulrich  has  elucidated 
the  bryozoa  of  the  Ordovician  and  Carboniferous  systems  particularly  in  several  important 
monographs,  while  Hall  and  Simpson  have  summed  up  their  papers  on  this  olass  in  Volume 
VI  of  the  Paleontology  of  New  York,  where  they  have  given  a  comprehensive  idea  of  the 
many  beautiful  forms  found  in  the  Devonian.  However,  it  can  not  be  said  that  the  bryozoa 
of  any  of  the  Silurian  formations  have  been  totally  neglected,  as  a  number  of  publications 
touch  on  them.  Still,  few  authors  have  attempted  to  work  out  a  fauna  in  detail.  As 
early,  as  1852  Professor  Hall  published  fairly  complete  accounts  of  the  faunas  of  the  Clinton 
and  Niagara  of  New  York,  and  in  1876  he  gave  descriptions  and  figures  of  the  fine  assem- 
blage of  species  found  at  the  noted  Niagaran  locality,  Waldron,  Ind.  The  bryozoa,  as  well 
as  the  other  classes,  were  well  represented  in  these  faunas,  but,  on  account  of  the  inadequate 
methods  then  used  in  discriminating  specific  and  generic  types,  Professor  HalPs  work  needs 
revision. 

Instead  of  reviewing  the  Silurian  faunas  in  their  geologic  order,  a  study  of  the  species  of 
the  Rochester  shale  has  been  undertaken  first,  because  the  most  complete  collections  that 
the  writer  has  had  the  opportunity  of  studying  are  from  this  formation.  Since  the  number 
of  species  here  is  also  apparently  larger  than  in  any  other  Silurian  horizon,  this  paper  can 
be  iised  as  the  basis  for  comparative  remarks  in  future  articles. 

Through  the  kindness  of  Mr.  B.  E.  Walker,  of  Toronto,  Canada,  the  writer  has  been 
enabled  to  study  the  collection  made  in  the  vicinity  of  Grimsby,  Ontario,  by  the  late  Mr. 
Pettit.  This  is  a  most  excellent  collection  of  fossils  from  the  Rochester  shale  and  contains 
several  of  the  t3rpes  figured  in  this  paper.  A  fine  collection  from  Rochester,  N.  Y.,  was 
loaned  by  Mr.  Z.  F.  Westervelt.  Mr.  Clifton  J.  Sarle  presented  a  good  series  of  bryozoa 
from  the  same  region.  Dr.  A.  W.  Grabau  loaned  all  of  the  material  collected  by  him  during 
his  study  of  the  Niagara  region.  Prof.  R.  P.  Whitfield  loaned  the  Hall  types  in  the  Ameri- 
can Museum  of  Natural  History.  Prof.  J.  F.  Whiteaves  sent  many  Canadian  specimens 
for  examination.  To  all  these  gentlemen  the  writer  wishes  to  express  his  obligations  for 
their  generous  help.  The  paleontologic  collections  of  the  United  States  National  Museum 
are  rich  in  Niagara  bryozoa  and  contain,  with  a  few  exceptions,  all  of  the  material  described 
and  figured  here.  These  collections  were  made  at  various  times  by  Mr.  0.  T.  McComb,  of 
Lockport,  N.  Y.;  Messrs.  E.  O.  Ulrich,  H.  E.  Dickhaut,  and  J.  M.  Nickles,  of  the  United 
States  Geological  Survey;  Prof.  Charles  ScKuchert,  of  Yale  University;  and  the  writer. 

a  Publiflhed  by  permission  of  tho  Assistant  Secrptiiry  of  the  Smithsonian  Institution. 

b  Throughout  tnis  paper  the  group  names  used  follow  the  New  York  classification  recently  proposed 
by  Messrs.  Clarke  and  Schuchert,  although  these  tenns  have  not  lH»cn  officially  adopted  by  the 
United  States  Geological  Survey. 
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2         BRYOZOAN  FAUNA  OF  THE  ROCHESTER  SHALE. 

Unless  otherwise  designated,  the  photographs  illustrating  this  paper  were  made  in  the 
laboratory  of  the  United  States  National  Museum  and  the  drawings  are  the  work  of  the 
writer. 

From  the  amount  of  material  studied,  the  bryozoan  fauna  of  these  shales  is  believed  to 
be  represented  here  with  some  degree  of  completeness. 

GENERAL  DISTRIBUTION  OF  SILURIAN  BRYOZOA. 

The  Silurian  bryozoa  as  a  whole  have  a  facies  quite  distinct  from  the  preceding  and  suc- 
ceeding systems.  When  they  are  compared  with  the  Ordovician  types,  the  noticeable 
features  are  the  predominance  of  the  Cryptostomata  and  the  decline  of  the  Trepostomata. 
The  Cyclostomata  continue  to  hold  their  own,  while  the  Ctenostomata  and  Chilostomata, 
as  in  all  the  other  Paleozoic  systems,  have  few  representatives.  In  the  Devonian  the 
Cryptostomata  still  predominate,  the  Cyclostomata  have  been  greatly  augmented  by  species 
of  the  Fistuliporidse,  and  the  Trepostomata,  still  further  reduced  in  number  of  species,  are 
represented  mainly  by  genera  of  the  long-enduring  Batostomellida?. 

Conditions  during  Oswegan  times  were  in  general  so  unfavorable  for  the  preservation 
of  fossils  that  it  is  not  surprising  that  few  bryozoa  are  known  from  these  rocks.  The  same 
conditions,  with  a  slight  modification,  existed  in  the  Medina,  where,  however,  a  small 
bryozoan  fauna  is  known  but  is  as  yet  unpublished.  This  consists  of  a  few  species  of 
Trepostomata  and  Cryptostomata  which  have  been  found  in  the  more  calcareous  strata 
of  the  formation. 

The  Clinton  and  Rochester  divisions  of  the  Niagaran  group  afford  species  and  specimens 
of  this  class  in  great  abundance,  but  in  the  sucx'^eding  Lockport  and  Guelph  divisions  the 
bryozoa  are  comparatively  rare.  In  New  York  and  Ontario  the  thin  limestone  layers  of 
the  Clinton  are  often  crowded  with  Helopora  frctgilu  and  several  species  of  Phsmopora, 
these  being  the  characteristic  bryozoa  in  this  region.  In  Ohio  the  Clinton  beds  contain  a 
considerable  number  of  species,  but  the  predominating  forms  are  RKinopora  verrucosa, 
species  of  Pachydict]fa  and  Phstnopora,  and  a  few  large  ramose  Trepostomata,  some  of 
which  seem  to  be  wanting  in  the  East.  The  unusual  development  of  tlie  genus  Pfumopora 
is  the  striking  feature  of  Clinton  time.  During  the  deposition  of  the  Rochester  shale,  ideal 
conditions  for  the  development  of  bryozoa  seem  to  have  been  reached.  Near  the  middle 
part  of  this  formation  occurs  a  stratum  several  feet  in  thickness  that  is  literally  one  mass 
of  fragments  of  these  organisms.  The  correlation  of  these  shales  with  the  Osgood  beds 
in  the  Indiana  Niagaran  section  and  their  faunal  similarity  in  the  Buildwas  beds  of  the 
Wenlock  of  England  is  discussed  later  in  this  paper.  As  already  stated,  bryozoa  are 
apparently  rarely  found  in  the  Ijockport  and  Guelph  divisions  of  the  Niagaran. 

The  Salina  and  Rondout  (Bertie)  formations  of  the  Cayugan  group  wore  deposited  under 
conditions  unsuited  to  bryozoan  life.  During  the  time  of  the  last  formation  of  this  group, 
the  Manlius,  conditions  more  favorable  to  the  life  of  the  class  returned,  a  fauna  of  fifteen  or 
twenty  species  being  known.  This  will  be  descrilx»d  by  Mr.  E.  O.  Ulrich  and  the  writer  in 
a  forthcoming  volume  of  the  Maryland  Geological  Survey. 

The  various  formations  of  the  Helderberg  again,  especially  the  New  Scotland,  are  rich 
in  bryozoa.  Most  of  these  have  been  described  and  illustrated  by  Hall  and  Simpson  in 
Volume  VI  of  the  Paleontology  of  New  York.  Although  this  series  of  rocks  is  referred  by 
some  authors  to  the  Devonian,  the  similarity  of  its  bryozoan  fauna  to  that  of  the  Niagaran 
is  so  great  that  the  writer  can  not  see  that  its  position  should  l)e  other  than  in  the  Silurian. 

GENERAL  DISCUSSION  OF  THE  ROCHESTER  SHALE  AND  ITS 
BRYOZOAN  FAUNA. 

Succeeding  the  Clinton  in  western  New  York  and  Ontario  is  a  shale,  which  on  account  of 
its  prominence  along  Genesee  River  at  Rochester,  N.  Y.,  was  termed  the  Rochester  shale. 
In  the  Niagara  region  this  shale  has  a  thickness  of  about  70  feet  and  is  divisible  into  a  lower 
and  an  upper  half.     The  lower  half  is  generally  highly  fossiliferous  and  contains  numerous 
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limestone  bands,  especially  toward  the  top,  which  is  formed  by  «  bed  about  4  feet  thick 
that  is  extremely  rich  in  bryozoa.  This  bed  has  afforded  most  of  the  bryozoa  de^scribed  in 
this  paper.  The  limestone  layers  are  often  composed  almost  entirely  of  fragmentary  bryozoa 
cemented  together.  The  upper  division  of  the  shales  \^  less  calcareous  and  much  less  fos- 
siliferous  than  the  low^er.  It  also  contains  a  very  different  fauna,  the  prevailing  species 
being  pelwypods,  ostracods,  and  trilobites.  Toward  the  top  of  this  division  fossils  become 
still  rarer  and  seem  to  disappear  altogether  as  the  basal  layers  of  the  overlying  Lockport 
dolomit^^  are  reached. 

Since  the  publication  in  1852  of  Volume  II  of  the  Paleontology  of  New  York,  the  bryozoa 
of  the  Rochester  shale  have  rw^eived  little  attention.  At  that  time  Professor  Hall  desi^ribed 
a  large  number  of  species  from  the  classic  locality,  Lockport,  N.  Y.  This  work  was  remark- 
ably well  done  for  that  date  and  the  methods  of  study  then  followed.  In  the  majority  of 
instances  the  student,  has  little  difficulty  in  identifying  the  various  species.  About  a  third 
of  a  century  later  Mr.  E.  N.  S.  Hingueberg  added  a  few  new  species  to  the  described  fauna. 
These  two  men  are  the  authors  of  practically  all  the  forms  so  far  described  as  originally 
from  this  shale.  However,  neither  of  them  studied  the  internal  characters  of  their  species 
nor  gave  definite  measun^ments  to  any  extent,  and  since  the  correct  generic  identification 
depends  on  internal  rather  than  external  features  further  work  on  the  fauna  is  desirable. 
It  is,  therefore,  the  objei't  of  this  pap<»r  to  figure  and  describe  the  known  species,  as  well  as 
new  forms,  using  modern  methods  of  description. 

The  Niagara  escarpment  of  western  New  York  and  Ontario  furnishes  numerous  localities 
where  natural  exposure-s  show  tlje  fossiliferous  shale.  In  the  vicinity  of  Lockport,  N.  Y., 
the  two  "gulfs,"  which  indent  the  escarpment,  afford  excellent  collecting  ground,  and  here, 
especially  in  the  vicinity  of  the  Erie  Canal,  much  of  the  material  on  which  this  paper  is  based 
was  procured.  Especially  fine  slabs  and  washings  were  obtained  in  the  vicinity  of  the  pulp 
mills  along  the  Erie  Canal.  The  bi»autiful  preservation  and  the  variety  of  specimens  upon 
these  slabs  are  brought  out  in  Pis.  XXVIII  to  XXX.  At  Lockport  and  localities  in  w«>st- 
ern  New  York  in  general,  the  spetrimens  weather  out  in  an  excellent  state  of  preservation,  so 
far  as  external  characters  are  concerned,  but  on  account  of  the  presence  of  iron  pyrites  in 
the  .shales  the  internal  features  are  sometimes  destroyed. 

At  Rochester,  N.  Y'.,  the  ty|H»  locality  of  the  shale,  a  different  style  of  preseiTation 
obtains.  In  the  examples  found  here  the  internal  features  are  sometimes  obscured  by  a 
slight  silicification,  and  caustic  i)otash  must  be  used  frw»ly  on  the  specimens  to  remove  the 
clay,  which  often  obscures  tlie  exterior  features.  Washings  containing  many  or  good  free 
specimens  are  seldom  to  Uv  found  at  Rochester,  and  the  thin  limestone  layers,  although 
containing  numerous  fossils,  are  generally  so  covered  with  a  hard  clay  that  caustic  potash  is 
necessary  to  expose  tliem.  At  Middleport,  N.  Y.,  the  limestone  layers  are  sometimes  made 
up  almost  exclusively  of  fragmentary  bryozoa  in  an  excellent  state  of  preservation,  as  is 
shown  by  the  small  slab  figured  in  PI.  111. 

In  the  Niagara  Gorge  a  the  Imnks  and  railroad  cuts  afford  a  few  good  exposures,  where 
the  bryozoa-bearing  shale  is  well  exposed,  and  as  a  result  a  considerable  number  of  species 
may  be  found.  Here  the  prestTvation  is  essentially  the  same  as  at  Lockport.  The  Silu- 
rian section  is  bej^t  seen  on  the  American  side  along  the  cuts  of  the  New  York  Central  and 
Hudson  River  Railroad.  The  stiata  dip  southward,  while  the  lailroad  risi^s  in  the  same 
direction,  with  the  result  that  tlie  various  formations  are  crossed  in  ascending  order  going 
toward  the  Falls.  In  nmking  tlie  lailroad  cut,  several  mounds  were  left  which  now  form 
good  collecting  ground.  One  of  these  mounds  is  on  a  level  with  the  bryozoan  bed,  and  here 
numerous  specimens  nuiy  be  liad.  At  most  places  along  the  gorge,  however,  the  Rochester 
shale,  although  well  exposed,  is  inaccessible,  as  is  shown  in  PI.  II,  facing  page  4. 

In  Ontario  the  principal  Iwalities  from  which  bryozoa  were  obtained  for  study  are 
Grimsby,  Hamilton,  and  Thorold.     Here  the  Rochester  shales  become  somewhat  sandy 


a  The  geoiopy  of  tJiis  vininity  luis  »x»en  well  d«s<'n»)o«l  and  illustrated  by  Doctor  Cirut>aii  in  his  "  fiuido 
to  the  fJeology  and  I'alpontfHopy  <>(  Niagara  Fails  and  Vlcmilv  "  (Bull.  New  YoiK  State  llu«i&\i\s\^ H<2k. 
45, 1901),  to  wbicti  the  reader  la  rclerred  for  a  mere  complete  diacuftsVoii. 
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and  the  surface  characters  of  the  fossils  are  not  so  well  preserved.  However,  this  is  com- 
pensated for  by  the  excellent  preservation  of  their  internal  features.  A  considerable  faunii 
was  determined  from  the  extensive  collections  made  by  Mr.  Pettit  at  Grimsby,  Ontario. 

COLLECTING  IN  THE  ROCHESTER  SHALE. 

The  Rochester  shale  affords  ideal  localities  for  collecting  by  the  process  of  washing. 
The  shale  immediately  above  or  below  the  fossiliferous  limestone  bands  almost  invariably 
on  washing  yields  free  specimens  of  the  species  found  upon  the  slabs.  Still  better  results 
are  obtained  if  the  fossiliferous  limestone  layer  be  traced  until  it  changes  into  a  marl  or  clay, 
as  often  happens,  for  here  the  fossils  ordinarily  helping  to  make  up  the  limestone  are  more 
complete,  and  being  uncemented  can  be  washed  out  free.  Careful  selection  of  clay  from  such 
marly  pockets  or  from  above  or  below  unusually  rich  limestone  layers  will  yield  excellent 
fossils  and  save  time  in  the  picking  out  of  the  specimens  after  the  material  has  been  washed. 

In  washing  fossiliferous  shale  the  writer  has  found  that  the  best  method  to  obtain  the 
specimens  in  as  perfect  condition  as  possible  is  first  to  spread  out  the  materia^  .^d  expose 
it  to  the  sun  for  a  day  or  more.  When  the  clays  have  been  weathered  in  the  field,  this,  of 
course,  is  unnecessary.  Such  an  exposure  slakes  the  clay,  allows  the  specimens  to  dry,  and 
thus  become  less  liable  to  break,  and,  moreover,  causes  the  clay  to  disintegrate  more  readily. 
Then  if  th^  marl  or  clay  be  allowed  to  soak  for  a  day,  the  final  washing  is  a  short  and  simple 
matter,  consisting  merely  in  allowing  clear  water  to  run  over  the  material  until  the  water 
-  passes  through  without  becoming  discolored.  After  the  residue  has  dried,  sifting  the 
material  into  several  grades  of  fineness  will  aid  in  assorting  the  specimens.  This  method 
of  washing  has  the  advantage  of  reducing  the  breaking  of  the  specimens  to  a  minimum,  for 
in  the  ordinary  process  the  shaking  required  to  hasten  the  disintegration  of  the  clay  breaks 
or  otherwise  injures  the  more  delicate  fossils. 

After  washing  a  sample  of  fossiliferous  Rochester  shale  it  will  be  found  to  consist  almost 
entirely  of  fossil  remains.  The  coarse  material  is  composed  largely  of  fragmentary  or  entire 
spwimens  of  brachiopods,  crinoidal  n»main.s,  and  ranuise  or  massive  hryozoa.  In  searching 
for  hryozoa,  the  fragmentary  brachiopods  and  crinoidal  remains  should  be  carefully  exam- 
ined, for  they  are  often  incrusted  by  delicate,  parasitic  species,  especially  of  the  Ctenosto- 
mata.  In  washings  from  certain  localities  near  Lockpoit,  one  out  of  every  three  or  four 
fragments  of  Sjnrifer  niagarensis  was  incnisted  by  the  unique  brj'ozoan  lihopalonaria 
aJUenuata.  The  liner  material  usually  shows  an  abundance  of  the  small  ramose  and  fenes- 
trated bryozoa  and  of  young  specimens  of  brachiopods,  while  the  finest  siftings  afford 
ostracods  and  other  microscopic  organisms. 

In  England  the  strata  corresponding  to  the  Rochester  have  been  thoroughly  searched  for 
fossils  by  washing,  and  a  la»'ge  and  interestiiig  fauna  is  the  result.  Unfortunately  little  has 
been  published  concerning  the  bryozoa  obtained  from  the,se  washings,  but  the  numerous 
ostracods  described  by  Jones  and  Holl  and  the  I)rachiopods  descrilx'd  by  Davidson  show  the 
value  of  this  method  of  collecting.  Mr.  Maw's  washings  are  well  known  to  every  student 
of  the  Wenlock.  Over  20  tons  of  these  shales  were  waslied  by  him  for  fossils.  The  number 
of  specimens  picked  out  ran  into  the  thou.sands  for  some  of  the  specie^s.  The  Rochester 
shale  compares  quite  as  favorably  in  this  respect,  since  from  the  residue  of  50  pounds  of 
shale  so  treated  the  writer  picked  out  over  .5,000  specimens  of  the  bryozoan  Chilotrypa 
oatiokUa,  while  other  small  ramase  spt^cie^*,  such  as  Acanfhoclcnia  aspenim  and  BaioHtomeUa 
grannlifera  would  be  found  to  occur  in  the  same  abundance  if  one  should  take  the  trouble 
to  assort  all  of  the  specimens.  If  20  tons  of  this  shale  were  washed,  the  specimens  of  at 
least  some  of  thes(>  species  would  have  to  l)e  recorded  by  (|uantity  ratlier  than  by  number. 

Sometimes  the  fossils  of  the  Rochester  are  confined  entirely  to  the  limy  layers.  In  this 
case  if  free  specimens  are  desired  many  of  them  may  be  detacliod  from  the  slabs  without 
injury  by  means  of  caustic  potash.  Entire  zoaria,  or  even  averaj^e  specimens  of  such  fragile 
/orms  as  the  Phylloporinidw  or  Fenestellida',  can  be  liad  only  on  slabs  of  limestone  or  shale. 
The  washings  will  yield  small,  clean  fragments  of  these  for  study,  but  no  lai^e,  showy 
examples  for  exhibition. 
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CORRELATION. 

For  various  reasons  the  exact  correlation  of  the  several  members  of  the  New  York 
Niagaran  with  strata  of  the  same  age  elsewhere  has  not  met  with  complete  satisfaction. 
The  lithologic  and  faunal  differences  in  beds  which  should  apparently  be  correlated  strati- 
graphically  arc  so  great  that  it  seems  evident  for  these  reasons  alone  that  the  rocks  must 
have  been  deposited  in  separate  basins.  For  lack  of  sufficient  collections  the  evidence 
afforded  by  the  bryozoa  in  the  correlation  of  the  various  Niagaran  deposits  is  not  yet  com- 
plete, but  the  present  study  of  the  Rochester  shale  fauna  and  of  collections  from  the  Osgood 
b(>ds  of  Indiana  indicates  the  undoubted  equivalence  of  at  least  these  two  formations. 

The  Niagaran  strata  exposed  along  the  western  flank  of  the  Cincinnati  anticline  in  southern 
Indiana,  Kentucky,  Tennessee,  and  northern  Alabama  have  been  divided  into  the  following 
formations  .a 

5.  Louisville  limestone. 

4    Waldron  shale. 

3.  Laurel  limestone. 

2.  Osgood  shale  and  limestone. 

1.  Clinton  limestone. 

The  distribution  and  paleontological  characteristics  of  these  rocks  have  been  discussed  by 
Foerste  in  various  articles,  and  the  following  description  of  the  Osgood  formation  is  based 
mainly  on  his  work: 

Several  thin  limestone  layers  having  a  total  thickness  of  8  to  15  inches  form  the  base  of 
the  Osgood  formation.  Following  these  are  11  to  16  feet  of  clay,  which  in  Kentucky  is 
usually  soft,  but  in  Indiana  is  somewhat  indurated.  In  other  sections  this  lower  Osgood 
clay  is  overlain  by  a  crinoidal  limestone  often  5  feet  in  thickness,  and  this  in  turn  by  the 
upper  Osgood  clay  variable  in  thickness  but  sometimes  reaching  5  feet. 

According  to  Foerste,  PisocrinuSf  Suphanocrinus,  HcHocystitea^  Rhynefiotretaf  SpirifeTf 
CyrtiUf  and  NurUospira  make  their  first  appearance  in  the  Osgood  formation.  Associated 
with  these,  espe^^'ially  in  the  clayey  partings  of  the  limestones,  are  the  bryozoa  identified  in 
this  paper.  Most  all  of  the  nonbryozoan  genera  and  in  fact  identical  species  even  may 
occur  in  the  Rochester  shale.  The  evidence  presented  by  the  bryozoa  themselves  is  shown 
in  the  table  below. 

In  regard  to  the  correlation  of  the  Osgood  fauna,  Foerste  b  remarks  as  follows:  "  In  many 
respects  the  Osgood  fauna  is  a  forerunner  of  that  found  in  the  Waldron.  It  corresponds  to 
the  reef  fauna  at  the  top  of  the  Clinton  of  New  York,  where  it  occurs  in  the  limestones 
exposed  in  the  lens-like  cross  sections  just  beneath  the  Rochester  shale.'' 

While  the  writer  agrees  that  the  Osgood  fauna  is  a  forerunner  of  the  Waldron,  and  that  it 
also  may  c^^rrespond  in  part  to  the  reef  fauna,  comparisons  of  the  bryozoan  elements  of  the 
faunas  seem  to  show  beyond  question  that  the  Osgood  is  chiefly  if  not  exactly  comparable 
with  the  Rochester  shale. 


a  Foerst43,  A.  F.,  Twenty-eighth  Ann.  Kept.  Indiana  Dept.  OeoL  Nat.  Res.,  1904. 
*0p.cit.,p.3U. 
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The  following  list  of  Rochester  shale  species,  showing  their  distribution,  indicates  the 
identity  of  forms  in  the  two  are^s: 

Alphabetie  list  of  bryozoa  in  Rochester  shaUf  showing  range  and  comparative  abundamcs. 
[r— rare;  u— uncommon;  c-^common.] 


Acanthoclema  aaperum  (Hall) 

Allonema  waldronense  Ulrich  and  Bassler 

Ascodictyon  sUuiienBe  Vine. 

Batostomella  granulUera  (Hall) 

Berenloea  consimUls  (Lonsdale) 

Bythopora  splnulosa  (Hall) 

Callopora  clausa  n.  sp 

Callopora  elegantula  Hall 

Callopora  magnopora  Foerste 

Ceramopora  imbricata  Hall 

Ceramopora  nlagarensls  n.  sp 

Geramoporella  Irregularis  n.  sp 

Ceramoporella  orblculata  (Rlngueberg:) 

Chllotrypa  ostlolata  (Hall) 

Clathropora  aldoomls  Hall 

Clathropora  frondosa  Hall 

Clathropora  frondosa  Intermedia  Nicholson  and  Hinde. 

Cceloclema  cavernosa  n.  sp 

Dlamesopora  dichotoma»Hall 

Diplodema  sparsum  (Hall) ?. 

Diplodema  sparsum  argutum  n.  var 

Dlplotrypa  waikerl  n.  sp 

Eridotr>'pa  nodulosa  n.  sp I 

Eridotrypa  simills  n.  sp 

Eridotrypa  solida  (UaU) 

Eridotrypa  splnosa  n.  sp 

Eridotrypa  striata  (HaU) 

Fenestella  cribrosa  Hall 

Fenestella  elegans  Hall 

Flstiilipora  crustula  n.  sp.  or  n.  name 

Fistulipora  lamlnaU  (llaU) 

Fistulipora  iockportensis  n.  sp 

Flstiilipora  tul)erculosa  (Hall) 

Idlotrypa  punctata  (Hall) 

Lichenalia  concentrica  Hall 

Liocloma  asperum  (Hall) 

Liociema  circinctum  n.  sp 

Liociema  expianatum  n.  sp 

Liocloma  globulare  n.  sp 

Liociema  multiponim  n.  sp 

Liociema  peculiare  n.  sp 

Liociema  ramulosum  n.  sp 

Lioclemeila  maccombl  n.  sp 

lAX!ulipora  ambigua  precursor  n.  var 

Locullpora  iilrichl  n.  sp 

Meekopora  foliacea  (Hall) 

Mesotrypa  iiummiformis  (Hall) 

Mltociema  sarlel  n.  sp 

Monotrypa  l)enjamlni  n.  sp 

Monotrypa  osgoodensis  n.  sp 


Western 
New 
York. 


OnUrio. 


Osgood 

beds, 
Indiana. 


Waldron 

beds, 
Indiana. 
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Alphabetic  list  ofhryozoa  in  Rockester  shaUf  showing  range  and  comparative  abundance — 

Continued. 


Western 
New 
York. 


Ontorio. 


Osgood 

beds, 
Indiana. 


Waldron 

beds, 
Indiana. 


Monotrypa  pedlcuiata  n.  sp 

Nematopora  minuta  (Hall) 

Nlcholsonella  florlda  (HaU) 

Nicholsonella  rlnguebergi  n.  sp 

Orbignyella  expansa  (Ringuebeig) 

Orbignyella  magnopora  n.  sp 

Pachydlctya  crassa  (HaU) 

PhsBnopora  ensilormis  HalL 

Phaenopora  flmbriata  canadensis  n.  var 

Phylloporina  asperato-strlata  (Hall) , 

Polypora  inoepta  Hall 

Pseudohornera  diffusa  (Hall) 

Pseudohomera  niagaiensis  (Hall) 

Ptiioporelia  nervata  (Nicholson) , 

Rhinopora  curvata  Ringuebeig 

Rhombotrypa  spinulilera  n.  sp 

Rhopalonaria  attenuata  Ulrich  and  Bassler, 

Semicoscinium  tenuioeps  (Hall) 

Spatiopora  maculata  (Hall) 

Stictotrypa  punctipora  (Hall) , 

Stigmatella  globata  n.  sp , 

Stomatopora  dlssimllis  Vine. 

Stomatopora  eiongata  Vine , 

Tronlodictya  schucherti  n.  sp 

Thamniacus  dichotomus  (HaU) 

Trematopora  spicuiata  HaU 

Trematopora  tuberculosa  HaU , 

Trematopora  whitfieldi  Ulrich. 

VineUa  7  multlradiata  Ulrich  and  Bassler. . 
VineUa  radlclformls  (Vine) 


u 

K. 
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By  comparing  the  species  in  this  list  it  will  be  seen  that  of  the  80  forms  recorded  in  the 
Rochester  shale  33  occur  also  in  the  Osgood  beds  and  but  14  in  the  Waldron  beds.  Since 
the  Waldron  shale  has  been  much  more  thoroughly  searched  for  bryozoa  than  the  Osgood 
beds,  these  figures,  are  significant.  It  is  further  to  be  borne  in  mind  that,  smce  most  of  the 
Rochester  shale  species  that  are  known  in  Indiana  as  yet  only  in  the  Waldron  are  almost 
world-wide  in  their  distribution,  more  complete  collections  from  the  Osgood  beds  may  be 
confidently  expected  to  materially  increase  the  already  large  number  of  species  which  these 
beds  hold  in  common  with  the  Rochester  shale.  For  this  reason  the  foregoing  tabular  com- 
parison is  not  entirely  competent  Perhaps  the  surest  way  of  testing  the  contemporaneity 
of  the  Rochester  and  Osgood  bryozoan  faunas  is  by  means  of  lists  from  which  species  known 
to  be  of  wide  range,  as  well  as  those  common  to  the  Rochester  and  the  Waldron,  are  excluded. 
Such  lists  may  fairly  be  said  to  comprise,  so  far  as  known,  only  the  characteristic  species  of 
the  Rochester,  though  not  all  of  them. 
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Partial  list  of  characteristic  Rochester  and  Osgood  bryozoa. 


Acanthoclema  asporum. 
BatOBtomella  granuUferu. 

*  Bythopora  spinuloaa. 
Callopora  clausa. 
Ceramopora  imbricata. 
Ceramopora  niagarensis. 
Chilotrypa  ostiolata. 

*  Diamesopora  dichotoma. 

*  Diploclema  sparatim. 
Eridotrypa  spinosa. 
*Eridotiypa  aoUda. 
Eridotrypa  striata. 

*  Fenestella  elegans. 

*  Fistulipora  cniatula. 
Idlotrypa  punctata. 

*  Lichenalia  concentrica. 
Lloclema  aspcrum. 
Lloclema  explanatum. 
Lioclema  multiponim. 


Lfoclema  pocullare. 
Licwloma  ramulosum. 
Lioclemella  maocombi. 
Loculipora  ambigua  var.  precunor. 

*  Loculipora  ulricbi. 

*  Meokopora  foliacoa. 
Mesotrypa  nummilormlB. 

*  liitoctema  sarlei. 
Monotrypa  benjamlni. 
Monotrypa  osgoodonsis. 
Monotrypa  pediculata. 
Nicholsonella  florida. 
Pbylloporina  asperato-striata. 

*  Polypora  fnocpta. 
RhoAbotrypa  spinullfera. 

*  Stictotrypa  punctipora. 
*Thamni8CUs  dichotomua. 
Tromatopora  tuberculosa.    • 


Of  the  above  list  of  37  species,  those  marked  with  an  asterisk  appear  to  be  limited  to  the 
Rochester  shale.  The  remaining  24  species,  or  about  65  per  cent,  are  conmion  to  the 
Rochester  shale  and  the  Osgood  beds.  After  weeding  out  the  wide-ranged  (European  and 
American)  species  from  those  shown  in  the  main  list  to  be  common  to  the  Rochester  and  the 
Waldron  shales,  only  7  species  remain  to  be  set  against  the  24  in  the  Osgood  beds,  and  of  this 
residue  3  species,  viz,  CaUopoju  eUgantuUij  Pachydictya  crassa,  and  Trematopora  spicylata, 
occur  in  all  three  beds.  The  evidence  in  favor  of  the  equivalence  of  the  Osgood  and  Roches- 
ter is  further  strengthened  by  the  fact  that  while  practically  all  of  the  known  Osgood  bryozoa 
occur  also  in  the  Rochester,  the  Waldron,  on  the  contrary,  contains  many  that  are  unknown 
in  that  formation. 

The  Wenlock  shales  of  England  contain  a  comparatively  large  bryozoan  fauna  which  has 
received  but  little  study.  Of  this  series  the  Buildwas  beds  seem  to  hold  a  fauna  most  similar 
to  that  of  the  Rochester  shale,  and  a  careful  comparison  of  the  two  will  probably  bring  out 
the  fact  that  they  arc  closely  related. 
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n.  ap.  T.  punctata  n.  sp.,  T.  ostiolata  n.  sp.,  T,  solida  n.  sp.,  T.  xtriata  n.  .sp.,  T.  granulifera 
n.  sp..  T.  aspera  n.  sp.,  T.  spinulosa  n.  sp.,  T.  sparsa  n.  .sp  ,  Sticto}X)ra  punctipora  n.  sp., 
Diamesopora  dichotoma  n.  gen.  et  sp.  (genus  not  characterized),  Clathropora  n.  gen., 
C.  alcicomis  n.  sp.,  C.  frondosa  n.  sp.,  Retepora  diffusa  n.  sp.,  R.  asperato-striata  n.  sp., 
Hornera  ( i)  dichotoma  n.  sp.,  Fenestella  elegans  n.  sp.,  F.  tenuiceps  n.  sp.,  B\  cribrosa  n.  sp. 
(from  lower  part  of  Niagara  limestone),  Polypora  incepta  n.  sp.,  Ceramopora  n.  gen.,  C. 
imbricata  n.  sp.,  C.  incrustans  n.  sp.,  C.  foliacea  n.  sp.,  Rhinojxtra  tuberculosa  n.  sp 
Lichenalia  n.  gen.,  L.  concentrica  n.  sp.,  SageneQa  n.  gen.,  S.  mcmbranacea  n.  sp. 
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DESCRIPTIONS  OF  GENERA  AND  SPECIES. 
Class   BRYOZOA   Ehrenberg. 

Ordor    CTI3IV08T0M:A.TJL    Susk. 

The  zoarium  in  this  relatively  small  order  is  homy  or  membranaceous,  and  consists  of 
tubular  stolons,  from  the  intemodes  of  which  the  zo<£cia  are  developed.  The  zooecia  are 
usually  isolated  and  have  a  terminal  orifice  which  in  the  living  state  is  closed  by  an  oper- 
culum composed  of  setse. 

When  compared  with  the  other  orders  of  bryozoa,  species  of  Ctenostomata  are  not  com- 
mon in  the  Rochester  shale,  five  representing  four  genera  having  thus  far  been  found 
This,  however,  is  not  unusual,  as  the  order  is  poorly  represented  in  all  the  geologic  forma- 
tions. The  infrequency  of  fossil  Ctenostomata  may  be  accounted  for  by  the  prevailing 
character  of  their  zoaria,  the  zoarium  in  the  majority  of  the  living  types  of  this  order  being 
membranaceous,  and  hence  incapable  of  preservation  in  the  fossil  state. 

One  of  the  Rochester  shale  species,  Rfiopalonaria  attenuataj  is  represented  by  numerous 
specimens;  another,  VineQa  radiciformis^  is  uncommon;  while  the  remaining  three,  Vinella 
mtdtiradiaiaf  Ascodidyon  sUuriense,  and  AUonema  waJdronense  are  comparatively  rare. 
Continued  searching  will  probably  reveal  the  presence  of  species  belonging  to  another 
ctenostomatous  genus,  namely  Ileteronemaf  since  representatives  of  this  genus  are  known  in 
other  Silurian  strata. 

Mr.  Ulrich  and  the  writer  have  recently  made  the  fossil  Ctenostomata  the  subject  of  a  small 
monograph  a,  and  the  following  descriptions  are  based  mainly  on  this  work.  Since  this 
publication,  no  new  species  have  been  found  in  the  Rochester  shale,  although  several  new 
forms  have  come  to  light  in  other  horizons. 

TT-amily  RHOI^-AJL.ON'-A.RIID-a^   Niokles  and  Sassier. 
Genus  RHOPALONARIA  Ulrich. 

All  the  species  of  this  genus  closely  resemble  each  other,  since,  as  a  rule,  nothing  remains 
but  the  impressions  of  the  stolons — clay-filled  or  empty  excavations  in  the  body  incrusted. 
However,  experience  has  shown  that  the  variation  in  the  dimensions  of  these  more  or  less 
accurate  impressions  serves  as  well  in  discriminating  the  species  as  the  zoaria  themselves. 

Rhopalonaria  is  distinguished  from  all  other  genera  of  the  Ctenostomata  by  the  fusiform 
internodes  or  cells,  by  their  pinnate  arrangement,  and  by  the  fact  that  they  excavate  their 
host. 

Rhopalonaria  attenuata  Ulrich  and  Bassler. 

PI.  IV,  figs.  4,0. 

Rhopalonaria  attenuata  Ulrich  and  Bassler,  Smithsonian  Miscell.  Coll.  (Quart,  isaue),  XLV,  1904,  p.  268, 
pi.  GTt,  figs.  4,  6. 

In  all  the  specimens  at  hand  this  species  is  represented  by  a  series  of  excavations  upon  the 
surface  of  the  object  it  incrusted,  crinoid  columns,  cystid  plates,  brachiopods,  and  bryozoans 
being  used  indiscriminately.  These  impressions  show  that  the  zoarium  consisted  either 
of  slender  stolons  constricted  at  rather  regular  intervals  or  of  segments  slightly  fusiform  in 

a  Smithsonian  Miscell.  Coll.  (Quart,  issue).  XLV.  ig04,  pp.  256-294. 
Bull.  292—06 2  Vl 
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outline.  From  a  central  stolon  or  series  of  segments,  lateral  branches  are  given  off  at 
approximately  right  angles,  and  in  the  same  manner  these  divide  again  until  the  result  is  a 
network  of  anastomosing  branches  arranged  pinnately.  Length  of  segments  somewhat 
variable,  3  to  3.5  in  2  mm.  Orifice  not  observed  because  of  the  preservation,  but  probably 
situated  in  the  swollen  end  of  the  segments. 

The  differences  between  this  species  and  R.  venasa  Ulrich  a  from  the  Ricl^nond  group 
are  slight,  the  length  and  arrangement  of  the  intemodes  and  stolons  being  practically  the 
same  in  each.  R.  aUentuUaf  however,  may  be  distinguished  by  the  extreme  tenuity  of  the 
intemodes  and  stolons,  and  by  the  comparative  rigidity  of  their  arrangement.  The  zocecial 
and  zoarial  features  of  the  two,  if  preserved,  would  probably  show  more  differences,  but 
as  the  excavations  alone  have  been  found,  slight  variations  must  serve  in  discriminating 
species. 

Occurrence. — ^The  figured  types  were  found  in  the  Rochester  shale  at  Lockport,  N.  Y., 
where  specimens  are  not  unconmion.  Examples  have  also  been  found  in  the  same  formation 
at  Rochester  and  Lewiston,  N.  Y.,  in  the  Niagara  Goi^e,  and  at  Grimsby  and  Thorold, 
Ontario.  The  Clinton  limestone  at  Mifflintown,  Juniata  County,  Pa.,  and  the  Waldron 
shale  at  Waldron,  Ind.,  and  at  Newsom,  Tenn.,  furnish  specimens  which  can  not  be  separated 
from  the  typical  form. 

Catalogue  numbers,  43116,  43117,  35733,  35477,  U.  S.  National  Museum. 

IHaxTiily   VTNJEIXjI^IIDJS:   Ulrioh.   and   Sassier. 

Genus  VINELLA  Ulrich. 

Zparium  parasitic,  consisting  of  very  slender,  tubular  threads  or  stolons,  arranged  more 
or  less  distinctly  in  a  radial  manner.  Surface  of  threads  with  a  single  row  of  small  pores, 
which  may  be  wanting  locally  and  may  vary  considerably  in  the  degree  of  their  separation. 
ZocBcia  unknown,  probably  deciduous. 

ViNELLA  liADiciFORMis  (Vine), 
ri.  IV,  ngs.  2, 3. 

Ascodictyon  radians  Vino  (part),  Quart.  Jour.  (Jcol.  Soc.  London  (provisional  placement),  XXXVII, 

1881.  p.  019. 
Aacodkiyonradiciformc  Vine,  ibid.,  XXXVIU,  1822,  p.  63.  figs.  1, 3. 
Agcodictyon  radici/orme  Vino,  Ann.  and  Mag.  Nat.  Hist.  (5),  XIV,  1884,  p.  83,  figs.  1-5. 
Aicodictyon  radici/orme  Vine.  Proc.  Yorkshin^  (Jool.  and  Polytwh.  Soc.,  IX,  1887,  pp.  lii&-4,  pl.  12,  fig.  5w 
Ascodictyon  radici/orme  Vine,  il»id.,  XII,  1892,  p.  87. 

Viiulta  radici/ormis  Ulrich,  CU'ol.  and  Nat.  Hist.  Survey  Minnesota,  Final  Kept.,  Ill,  pt.  1,  1893,  p.  113. 
Vinella  radici/ormis  Ulrich  and  Bassler,  Smithsonian  Misccll.  Coll.  (Quart,  issue),  XLV,  1904,  p. 276. 

pl.  W,  fig.  7. 

Tliis  species,  originally  described  from  the  Wenlock  shales,  has  been  hot-ed  at  a  number 
of  American  lo(?alities.  Its  delicate  zoaria  are  generally  found  incrusting  smooth-shelled 
brachiopods,  crinoid  columns,  or  the  epithccat^'d  side  of  bryozoa,  such  as  explanate  species 
of  Fiaiidipora  or  Lioclema.  Tlie  rather  widely  separated  nuclei  and  the  extreme  tenuity  of 
the  radiating  threads  are  esiXH'ially  characteristic.  Near  the  centers  themselves  the  radii 
are  slightly  swollen,  but  their  average  thickni'ss  elsewhere  lies  between  0.03  and  0.04  mm. 
Sometimes  the  threads  seem  to  bifurcate  or  to  wander  about  without  much  order,  and  often 
the  nuclei  are  dillicult  to  distinguish  from  the  points  where  the  threads  merely  cross. 

Occurrence. — Buildwas  beds  of  the  Wenlock  shales,  Shropshire,  England;  Rochester 
shales,  Rochester  and  Lockport,  N.  Y.;  Grimsby,  Ontario;  Waldron  shale,  Waldron,  Ind; 
Clinton  formation,  Sevcnmile  Creek,  near  Eaton,  Ohio. 

Catalogue  numbers,  35476,  43145,  43146,  U.  S.  National  Museum. 


a  Ulrich,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  11, 1879,  p.  26,  pl.  7,  figs.  24,  24a, 
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ViNELLAf  MULTiRADiATA  Ulrich  aod  Bassler. 
PI.  IV,  fig.  1. 

Vinellal  muUiraditHa  Ulrich  and  Bamlor,  Smithsonian  Miscell.  Coll.  (Quart,  issae),  XLV,  1904,  p.  276, 
pi.  68,  fig.  8. 

But  two  specimens  of  this  interesting  and  peculiar  organism  have  been  found,  and,  as  no 
additional  facts  have  been  observed,  the  remarks  by  Ulrich  and  the  writer  in  describing  the 
species  are  quoted  below. 

Original  degcription.— The.  speclroon  on  which  this  peculiar  specios  is  founded  incrusts  a  crinoid  col- 
umn about  three-fourths  of  an  inch  in  length,  about  two-thirds  covered' with  the  supposed  Vinelia. 
At  intervals  varying  from  little  more  than  0.5  mm.  to  about  2  mm.  the  surface  of  the  incrusting  sheet 
prpscnts  subcircuiar,  cup-shaped  depressions,  0.12  mm.  to  0.2  mm.  in  diameter,  inclosed  by  a  low  rim 
from  which  14  to  20clo8ely  arranged  threads  proceed  in  ail  directions.  The  radii  are  oonunonly  disposed 
in  sets  of  three  to  five,  those  emanating  from  neighboring  centers  overlapping  and  interweaving  in  the 
interspaces.  The  sheet  seems  to  consist  in  most  parts  of  at  least  two  superposed  layers.  Minute 
details  of  structure  not  preserved. 

At  first  sight,  under  a  low  power  of  magnification,  the  specimen  recalled  the  attached  basal  disks  of 
articulating  bryozoa,  like  Arthropora  and  Etcharopora,  but  it  soon  became  evident  that  the  resem- 
blance was  deceptive  and  extended  only  to  the  common  possession  of  cup-shaped  depressions  and  lines 
radiating  from  them.  Under  a  higher  power  the  radii  proved  to  be  simple  threads  and  not  radially 
arrangi>d  walls  separating  rows  of  elongated  zooecial  apertures,  which  is  the  structure  of  the  attached 
disks  of  the  articulating  bryozoa  referred  to.  Of  course  the  much  smaller  size  of  the  Vinelia  was  appar- 
ent from  the  beginning  of  our  investigations.  Though  now  thoroughly  satisfied  that  we  are  not  deal- 
ing with  bases  of  zoaria,  we  think  it  quite  possible  that  they  may  prove  to  be  the  bases  of  isolated 
zooecia.  Whatever  the  future  may  prove  it  to  be,  it  impresses  us  as  a  very  interesting  organism,  and 
it  is  the  hope  that  other  collectors  may  succeed  in  finding  more  and  better  specimens  that  has  induced 
us  to  describe  it.  * 

Occurrence. — Rochester  shale,  Lockpoft,  N.  Y. 
Catalogue  number,  43144,  U.  S.  National  Museum. 

Genus  ALLONEMA  Ulrich  and  Bassler. 

Original  descriplion.—Foaail  zoaria  of  which  only  the  creeping  base  is  known.  This  attaches  itself  to 
fori'ign  lH)dics  and  consists  of  strings  of  sausage-like,  bulbous,  fusiform  or  pear-shaped  intemodes  or 
vesici(>s  varying  greatly  in  size  in  different  species.  Surface  of  intemodes  minutely  punctate,  while  a 
numl)er  in  each  colony  exliil>it  a  larger  pore-like  depression,  usually  near  one  end  of  the  vesicle  or  inter- 
nodc  that  is  regarded  as  marking  the  point  where  erect  zooecia  were  attachcd.a 

Allonema  waldronbnse  Ulrich  and  Bassler. 
PI.  IV,  fig.  9. 

Allanema  waidrwense  Ulri(^  and  Bassler,  Smithsonian  Miscell.  Coll.  (Quart,  issue),  XLV,  1904,  p.  283, 

pl.67,  fig.  5. 

A  single  small  example  of  this  rather  uncommon  species  was  found  incrusting  the  epitheca 
of  a  fistuliporoid  in  the  Rochester  shale  at  Middleport,  N.  Y.  This  specimen  agrees  so 
closely  with  the  type  that  for  purposes  of  identification  the  original  description  is  repeated 
below. 

Original  d^Acn/rfton.— Colonies  small,  consisting  of  an  irregular,  winding  series  of  comparatively  few 
and  rather  large,  inflated  intemodes.  The  series  branches  occasionally,  and  a  few  of  the  intcrno<les 
appear  to  Ix;  quite  isolated.  The  intemodes  vary  greatly  in  form,  some  being  globular  or  elliptical, 
others  py  riform,  and  a  few  of  the  largest  bilobate.  The  last  probably  consist  of  two  partially  confluent 
vesicles.  With  all  this  variation,  the  intemodes  still  remain  within  reasonable  distance  of  the  average 
size  that  we  consider  characteristic  of  the  species.  The  average  length  may  be  placed  at  about  0.5  mm., 
the  width  at  0.3  mm.  * 

Occurrence, — Waldron  shales  of  the  Niagaran  group,  Waldron,  Ind.;  Rochester  shale, 
Middleport,  N.  Y. 

Catalogue  number,  43128,  U.  S.  National  Museum. 

o  Ulrich  and  Bassler,  SmithaoDlan  MlfloelL  CoU.  (Qtiart.  lasoe),  XLV,  190i  pw  22SL 
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inamily  ^SCODICTYONID^IC  XJlrich. 

Genus  ASCODTCTYON  Nicholson  and  Etheridge,  jr. 

Zoarium  parasitic,  consisting  of  ovate  or  pyriform  vesicles,  arranged  in  radial  chistere  or 
isolated,  and  connected  with  each  other  by  very  delicate,  hollow  threads.  Walls  of  yesides 
perforated  by  closely  arranged,  minute  pores.    Zocecia  unknown. 

AscoDiCTTON  8ILUR1ENSB  Vine. 
PI.  IV,  figs.  6-8. 

Aacodictyon  gtellatum  Vino,  Quart.  Joor.  Geol.  Soc.  London,  XXXVII,  1881,  p.  618. 

Ascodidyon  aiellatum  var.  silurienge  Vine,  ibid.,  XXXVIII,  1882,  p.  52,  flga.  1,  2. 

Aacodictyon  aUUatum  var.  Hlurietue  Vine,  Ann.  and  Mag.  Nat.  Hist.  (5),  XIV,  1884,  p.  81,  fig.  7^ 

Ascodidyon  stellatum  var.  nlurierue  Vino,  Proo.  Yorkshiro  Geol.  and  Polytech.  8oo.,  IX,  1887,  p.  184^ , 

pi.  12,  fig.  6. 
Ascodidyon  siluriense  Vine,  ibid.,  XII,  1892,  p.  88,  pi.  2,  fig.  1. 
Ascodidyon  siluriense  Ulrich  and  Bassler,  Smitboonian  Miacell.  Coll.  (Qaart.  lasue),  XLV,  WH^piHt^ 

pi.  68,  figs.  11, 12. 

Description  (Ulrich  and  Bassler).— Vesicles  pyriform,  the  small  end  more  or  less  drawn  MH,  ObTtfm 
to  0.2  mm.  in  diameter,  and  0.3  mm.  to  0.5  mm.  in  length,  arranged  In  clusters  of  four  to  eight,  with 
dusters  of  four  or  five  occurring  oftencr  than  six  to  eight.  Connecting  threads  about  0.03  mm.  iB  tliltifc- 
ness,  comparatively  straight,  with  clusters  of  vesicles  occurring  at  intervals  of  2.5  mm.  or  mofe. 

Compared  with  A .  stellatum,  this  species  is  distinguished  by  its  usually  fewer  and  less  closely  afraapsd 
vesicles  in  each  cluster,  by  the  greater  average  length  and  more  pyriform  shape  M  the  vesiclea,  aafliy 
the  comparative  rigidity  of  the  connecting  threads. 

Several  well-preserved  examples  of  this  cosmopolitan  Silurian  species  have  been  ioaiMfim 
the  Rochester  shale  at  Lockport.  The  pyriform  radially  arranged  vesicles  and  the  delicate 
connecting  threads  form  a  zoarium  so  different  from  all  associated  bryozoa  that  comparison 
is  unnecessary. 

Occurrence. — Vine's  types  were  found  in  the  Wenlock  shale,  Buildwas  beds,  Shropehire, 
England.  In  America  the  species  occurs  in  the  Rochester  shale  at  Lockport,  N.  Y.,  and  in 
the  Waldron  shale  at  Waldron,  Ind.,  and  Newsom,  Tenn. 

Catalogue  numbers,  43135,  43138,  U.  S.  National  Museum. 

Orclor  OYOLOJ?4'T'<>]Mr^'T'uV    nxiHlc. 

The  simple  tubular  zoopcia  with  thin,  minutely  porous  walls,  the  absence  of  marsupia 
and  appendicular  organs  and  the  presence  of  oa'cia  characterize  this  order.  The  Cyclosto- 
mata  are  fairly  well  represented  in  tliis  fonnation,  the  majority  of  the  species  belonging  to 
the  CeramoporidsR  and  Fwtyliporidi€j  two  families  which  have  only  recently  been  referred 
to  the  order  with  certainty. 

TT-uTnily  l^I-A.Sa^OI'OrilDvli:   HiihIc   (eiiioncl.  TJlrioh). 

Genus  STOMATOPORA  Bronn. 

Zoarium  adnatc,  branching  dicliotomously ;  zocBcia  subtubular  or  subpyriform,  arranged 
in  a  single  linear  scries;  aperture  subterminal. 

Stomatopora  ei/)ngata  (Vine). 

Pi.  IV,  figs.  10-14. 

Stomatopora  dissimilis  var.  elongata  Vine,  Quart.  Jour.  Geol.  Soc.  London,  XXXVIII,  1882,  p.  50. 
Stomutopora  elongata  Vine,  Ann.  ana  Mag.  Nat.  Hist.  (5).  XIV.  1884,  p.  S.*).  fig.  IV,  2. 
Stomatopora  parva  RingJieborg.  Bull.  Buffalo  Soc.  Nat.  Hist.,  V,  1886.  p.  20,  pi.  2,  fig.  16. 

Orifftnal  descrijMton  {\'ir\Q).— Stomatopora  dissimilis  Vino  var.  a.  elongata.  Zoarium  very  Irtegular, 
clustering.  Znn'cia  elongated,  wiih.  at  tunes,  long  stolontferous  processes  whicn  intermingle  with  the 
colls.  When  colonial  growth  is  distinct,  aiiangoment  of  cells  is  linear  and  unisenai.  Moaaared  undar 
favorable  circumstances,  about  throe  cons  occupy  the  spficc  of  one  line. 

Locality. — Buildwas  beds  (Wenlocit  shales),  England. 
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The  collection  of  Mr.  John  M.  Nickles  contains  an  example  of  this  species  from  the  original 
Wcnlock  shales  material  studied  by  Mr.  Vine.  Fig.  10,  PI.  IV,  represents  several  of  the 
socecia  of  thisapecimien  enlai^ged,  and  a  comparison  of  this  figure  with  those  of  the  American 
form  aImiwb  that  there  can  be  little  doubt  of  the  specific  identity  of  the  two.  This  English 
afecimea  m  labeled  Stomatopora  dongaia  in  Mr.  Vine's  handwriting,  so  that  there  is  no  ques- 
tion of  ks  authenticity.  The  long  stoloniftrous  processes  which  Mr.  Vine  mentions  as 
iotenningling  with  the  cells  are  the  stolons  of  ctenostomatous  bryozoa  such  as  Vindla  or 
Aseodidyon  and  have  ho  connection  at  all  with  the  Stomatopora.  Such  widely  diverse 
incrusting  specie*  lire  often  found  with  their  zoaria  intermingled  and  but  little  cAre  is  usually 
required  to  deteimioe  that  one  is  merely  growing  over  the  other.  The  following  descrip- 
tion brings  out  the  characters  as  observed  by  the  writer: 

Zoarium  incniatiog  foreign  objects,  the  smooth  epithcca  of  corals  or  bryozoa  being  most 
favored  in  the  American  examples.  Zocecia  uniserial,  branching  at  irregular  intervals, 
slender,  fusiform,  increasing  slowly  in  size  from  a  diameter  of  0.03  to  0.04  mm.  at  the 
proximal  end  to  one  of  0.15  to  0.18  mm.  at  the  distal  or  anterior  end,  which,  although 
normally  rounded,  is  sometimes  slightly  drawn  out.  An  average  zooecium  is  0.60  mm.  in 
length;  when  arranged  in  a  straight  line, seven  zocecia  may  be  counted  in  the  space  of  4  mm. 
Aperture  small,  rounded,  subterminal,  with  a  slightly  elevated  border  and  less  than  half 
the  greatest  width  of  the  zooecium  in  diameter.  .  Surface  of  the  zocccia  smooth,  probably 
finely  poroi|s. 

Compared  with  other  uniserial  forms  of  Stomatopora,  S.  dongata  resembles  S.  ddicaiula 
James,  which  ranges  through  the  Mohawkian  and  Cincinnatian  groups,  but  the  latter 
species  has  slightly  longer  and  more  slender  zocecia.  In  all  probability  iS.  dongata  is  the 
Silurian  representative  of  the  Ordovician  S.  ddxcatula  The  very  much  larger  and  relatively 
shorter,  transversely  wrinkled  zocecia  of  the  associated  Stomatopora  dtssimilis  are  so 
different  that  comparisons  are  scarcely  necessary. 

The  Amencan  form  here  identified  as  Stomatopora  dissimilis  is  probably  the  same  as 
Stomatopora  parva  Ringueberg,  but  the  description  and  figures  of  the  latter  are  so  poor  that 
without  an  examination  of  the  type  specimen  the  synonymy  can  not  be  determined  with 
absolute  certainty.  In  spite  of  this  uncertainty,  the  writer  has  ventured  to  place  Ringue- 
berg's  species  as  a  synonym  on  the  strength  of  his  original  description,  which,  for  the  sake 
of  comparison,  is  quoted  below: 

Adnate,  pUnute,  irregularly  brancbing.  Cells  uniserial  8ulx:ylindricai,  not  inflated.  Bomewhat 
variable  in  leogih,  some  being  a  tbird  sborter  tban  tbe  average.  Calico  sbgbliy  elevated.  Tbis 
species  is  about  one-third  as  large  as  S.rtcta  and  is  readily  recognized  by  its  minuto  sice  and  straight 
cells.    (From  tbe  Niagara  sbales  at  ix)Cl(po.ri    N.  Y  ) 

Oceurrenee. — Buildwas  beds,  Wenlock  shales,  Shropshire,  England;  Clinton  formation, 
Sevenmile  Creek,  near  Eaton,  Ohio;  Rochester  shale,  Rochester  and  Liockport,  N.  Y.,  Wal- 
dron  shale,  Newsom,  Tenn 

Catalogue  number,  35475,  U.  S.  National  Museum. 

Stomatopora  dissimilis  Vine. 

PI.  IV   figs.  15-19. 

autmaiopora  dUHmilis  Vine,  Quart.  Jour.  Qeoi.  Soo.  London    XXX VII.  Iffil.  pp.  615,  610.  figs.  1-8; 

XKXVliI,1882.  p.fiO. 
ttmmtinptra  recta  Ringueberg.  Bull.  Buffalo  Soc  Nat.  Hist.,  V,  1886  p.  20  pi.  2.  Ags.  15  15a. 
A^tivpmnnp.  Halt  Nat.  Hisi.  New  York  Pai.  11. 18S8,  pi.  50.  ttga  21.  29. 

OngMwi  detenpttcm  — Zoariam  adnate.  brancbing  generally  atiacbed  to  stems  of  Crlnoidea.  very 
varely  to  brolcen  snells;  braneliei*  linear,  aometimea  wavy  and  anastomosing.  Zocecia  invariably 
mtoerial,  and,  in  tbe  best  preserved,  very  finely  ribbed  transtverspiy;  tbe  oiai  extremity  ailgbtty  raised; 
ortiee «lreular  or  sabcircalar.  Ooecial  ceils  ratber  veotncose  and  strongly  nbbed  (?).  fiacb  normal 
aogeiom  about  half  a  Imp;  average  about  tt  to  3|  nnea. 

Atrictt  of  vpecnnens  from  the  SihtriaiicockBof  Tuious  localities  in  Europe  and  Ain«nca 
AawB  that  the  Wenlock  afaalea  spectes  described  by  Vine  as  Stomatopora  disnmUta  has  as 
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wide  a  distribution  as  the  accompanying  Cyclostomata,  Stomatopora  dongaia  Vine,  and 
Berenicea  coTtsimUis  (Lonsdale).  As  indicated  in  the  above  synonymy,  the  American  form 
was  figured  by  Hall  in  1852  without  a  speciGc  designation,  and  later  was  figured  and  de- 
scribed by  Ringueberg  as  Stomaiopora  recta. 

The  zoarium  of  S.  dissimiliH  is  parasitic,  other  bryozoa,  brachiopods,  and  crinoid  columns 
or  plates  being  usually  selected;  uniserial,  with  lateral  series  branching  usually  irregularly 
but  sometimes  very  regulariy  and  at  right  angles  to  the  main  series.  Zoopcia  subcylindricAl 
or  club  shaped,  about  0.10  mm.  in  diameter  at  the  proximal  end  and  increasing  to  0.35  mm. 
at  the  rounded  distal  portion;  an  average  zocecium  is  1 .15  mm.  in  length  with  5  to  6  in  5  mm. 
Api^rtures  large,  subterminal,  bounded  by  a  raised  rim-like  border.  Zocecia  marked  trans- 
vers4*ly  by  fine  wrinkles  or  striations. 

The  large  zooecia  with  their  transverse  striations  or  wrinkles  particularly  characterize  S. 
dissimilis  and  serve  to  distinguish  it  from  all  other  Paleozoic  species  of  the  genus. 

Occurrence. — Vine's  types  are  from  the  Buildwas  beds  of  the  Wenlock  shales,  Shropshire, 
England.  The  species  occurs  also  in  the  Silurian  beds  on  the  island  of  Gotland;  in  the 
Rochester  shale  at  Rochester,  Lockport,  Middleport,  Niagara  Falls,  and  other  localities  in 
westc^m  New  York;  in  the  same  shale  at  Grimsby,  Ontario;  and  in  the  Osgood  beds  at 
Osgood,  Ind. 

Catalogue  nimliers,  35472,  35473,  44112,  44113,  U.  S.  National  Museum. 

Genus  BERENICEA  Lamouroux. 

The  adnate  zoarium  of  thin,  discoid,  flabellate  or  irregular  crusts  with  tubular  zoopcia 
arranged  in  irregularly  alternating  lines  distinguishes  this  genus  from  other  members  of 

the  Diastoporidx. 

Berenicra  consuiilis  (Lonsdale). 

PI.  V,  flgs.  1-5. 

Aulopora  amsimilia  Lonsdalo,  in  Murchison's  Sll.  System,  pt.  2, 1839,  p.  675,  pi.  15. 

Diastopora  {Aulopora)  fon«imi7i»  Vino,  British  Assoc.  Ropt.,  1881. 

Diagtopora  consimiiis  Vino,  Quart.  Jour.  Geol.  Soc.  London,  XXXVIII,  1882.  p.  58. 

DiaatopoTflla  consimiiis  Vine,  British  Assoc.  Ropt.,  Foss.  Polyzoa,  IV,  1883. 

Diasloporella  consimiiis  Vino,  Proc.  Yorkshire  Geol.  and  Polytoch.  Soc..  IX,  1887.  p.  190,  pi.  12,  flgs. 

18-20. 

Uall,  Nat.  Hist.  New  York,  Pal.  II,  1852.  p.  173,  pi.  40E.  figs.  8a,  b. 

Sagcnella  clegans  Hall,  Twenty-eighth  Ann.  Rept,  Now  York  State  Mus.  {<\oc.  ed.),  1876,  pi.  7,  figs.  12, 

13;  ibid.  (Mus.  ed.),  18^9,  p.  118  pi.  7,  flgs.  12,  13. 
Sagenella  elegans  Hall,  Eleventh  Ann.  Rept.  Indiana  Geol.  Nat.  Hist.,  1882,  p.  242.  pi.  6,  figs.  12.  13. 
Sagmrlla  elegans  Simpson.  Fourtwnth  Ann.  Ropt.  State  Geol.  New  York  for  the  year  1894, 1897,  pi.  20, 

fig.  4. 
Berenicea  elegans  Nickles  and  Bassler,  Bull.  U.  8.  Geol.  Survey  No.  173,  1900.  p.  181. 
Sagenella  membranacea  Hall.  Nat.  Hist.  Now  York.  Pal.  IT,  1852.  p.  172.  pi.  40E,  fig.  6a.  b. 
Berenicea  membranacea  Nickles  and  Bassler,  Bull.  U.  8.  Geol.  Survey  No.  17.3.  1900,  p.  181. 

A  study  of  many  specimens  from  various  Silurian  localities  in  Europe  and  America  has 
shown  that  the  species  first  described  by  Lonsdale  as  Aulo'pora  cojisimilis  i.s  a  cosmopolitan 
form  ranging  throughout  several  formations  but  eminently  characteristic  of  the  Silurian 
rocks  as  a  whole.  Lon.sdale's  description  and  figures  are  complete  enough  for  the  deter- 
mination of  the  form,  but  the  species  is  more  accurately  defined  in  the  later  work  of  Vine. 
A  compari.son  of  the  types  of  Sa^jeneUa  elegans  and  S.  membranacea  with  specimens  from 
England  and  Gotland  indicates  that  all  represent  the  same  speci/'s.  Sagenella  membranacea 
is  founded  upon  a  worn  example  from  the  Rochester  sliale,  while  the  type  of  S.  elegans  from 
the  Waldron  bed.s  is  a  normal  specimen  growing  upon  a  pelecypod. 

Lon.sdaIe's  original  description  is  as  follows: 

Aulopora  consimiiis  sp  n.,  Lons.  pi.  15,  f.  7,  magnified  twice.  A.  incrusting.  tul)es  round,  close  together, 
radiated,  bifurorttod;  o|>enings  circular,  raised:  margin  thick.  This  fossil  is  singularly  like  Aulopora 
(ompressa  of  Goldfuss  (Petrel.,  p.  84,  Taf.  XXXVIII,  f.  17),  found  in  the  Oolitic  scries  of  Germany. 
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The  essential  characters,  as  viewed  by  the  writer,  are  given  in  the  following  description: 

Zoarium  incmsting  foreign  bodies,  (he  sm(X>th  shells  of  brachiopods  or  crinoid  plates 
being  usually  favored.  Growth  commencing  at  a  point  from  which  the  zoae<'ia  radiate. 
ZooBcia  contiguous,  cylindrical,  about  1  mm.  in  length  and  0.22  mm.  wide.  Aperture  cir- 
cular, slightly  raised,  about  0.20  ram.  in  diameter.  Zo(£<'ia  marked  by  delicate  transverse 
annular  striations. 

The  elongate,  sharply  defined,  transversely  lined  zooecia  form  the  important  specific 
character  and  distinguish  this  beautiful  species  from  other  Paleozoic  forms  of  the  genus. 

Occ«rr€m^.— Wenlock  limestone,  Dudley,  England  (Lonsdale);  Buildwas  beds,  Wenlock 
shales,  Shropshire,  England;  Silurian,  island  of  Gotland;  Rochester  shale,  Rochester,  I>ock- 
port,  and  other  localities  in  western  New  York,  and  Grimsby,  Ontario;  Osgood  beds, 
Osgood,  Ind.;  Waldron  beds,  Waldron,  Ind.,  and  Newsom,  Tenn. 

Catalogue  numbers,  35565,  35474,  44114,  44115,  U.  S.  National  Museum. 

ITumily  KNTALOPHORID^K  I^eiiHM. 

Genus  DIPLOCLEMA  Ulrich. 

Zoarium  ramose,  with  tubular  zocecria  diverging  on  all  sides  from  a  wavy  mesial  lamina; 
apertures  circular,  prominent. 

DiPLOCLEMA    8PARSL1M    (Hall). 
IM.  V,  ag8.  6.  7;  PI.  XXIII,  ngs.  4-6. 

Trematopora  aparaa  Hall,  Nat.  Hist.  New  York,  Pal.  II,  1852,  p.  155,  pi.  40.V,  flgs.  12  a-d. 
Diploilema  sparsa  Uirich,  Geol.  Survey  Illinois,  VIII.  1890,  p.  368.  pi.  53,  fig.  10. 
DiplocUma  gparaa  Orabau,  Bull.  New  York  State  Mus.  Nat.  Hist..  Nov  45,  1901,  p.  162,  fig.  57. 

The  zoarium  of  this  spt^cies  is  composed  of  small,  sul)cylindrical  raraulel.'t,  ovate  in  cross 
sections,  about  0.5  mm.  in  width,  0.3  to  0.4  mm.  in  thickness,  and  dividing  dichotomously 
at  intervals  of  10  mm.  or  more.  The  zocecia  are  thin  walled,  long,  tubular,  opening  upon 
the  surface  with  slightly  protruding  circular  apertures,  which,  when  well  preserved,  are 
surrounded  by  a  peristome,  0.15  to  0.18  mm.  in  diameter;  four  zooecia  in  2  mm.  measuring 
longitudinally ;  a  branch  is  formed  of  five  or  six  linear  scries,  adjacent  series  alt^^rnating. 
Interapertural  space  smooth  or  very  faintly  granulose. 

The  widely  separated  rounded  apertures  and  the  small  branches  c«lluliferous  on  all  sides 
readily  distinguish  this  neat  little  species.  Small  fragments  of  Thamniscus  dichotomus  Hall 
might  bo  confused,  but  the  more  closely  distributed  apertures  and  branches,  celluliferous 
on  one  side  only,  distinguish  that  form  superficially,  the  internal  structure  of  the  two  being 
quite  different. 

DiplocUma  sparsilm  has  been  considered  by  both  Vino  and  Ulrich  to  be  closely  related 
to  Spiropora  regnlaris  Vine  from  the  Wenlock  of  England,  but  a  critical  comparison  of  the 
American  species  with  specimens  of  the  latter  received  from  Mr  Vine  shows  the  two  forms 
to  be  .specifically  quite  distinct.  Diploclema  {Spiropora)  regularis  forms  more  robust 
zoaria,  the  branches  averaging  almost  1  mm.  iii  diameter,  while  measuring  longitudinally 
two  zocecia  are  found  in  2  mm.  The  branches  of  Diploclema  spartmrn,  as  mentioned  above, 
are  0.5  mm.  in^ diameter  and  have  four  zooecia  in  2  mm. 

Occurrence. — Rochester  shale,  Lockport,  Jlochester,  Niagara  Falls,  and  other  localities 
in  New  York;  Grimsby  and  Hamilton,  Ontario. 

Catalogue  numbers,  35734,  44071,  U.  S.  National  Museum. 

Diploclema  sparsum  var.  aroutum  n.  var. 

PI.  V,  figs.  8,  9. 

This  subordinate  name  is  proposed  for  the  reception  of  a  number  of  specimens  which 
differ  from  Diploclema  sparsum  in  the  following  respects:  First,  the  zoarium  is  more  robu.st, 
cylindrical,  and  bears  four  or  five  ranges  of  zooecia  upon  each  side,  while  the  typical  (q^to. 
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of  the  species  is  of  slender  ramulets,  showing  only  two  or  three  rows  of  zooBcia.  Second, 
specimens  of  the  variety  very  commonly  exhibit  a  distinct  pore  in  front  of  each  zococial 
aperture,  while  in  the  species  itself  this  pore  is  rarely  seen. 

Vine  probably  had  this  variety  in  mind  when  he  identified  his  Spiropora  regularis  a  as 
occurring  at  Lockport,  N.  Y.  However,  D.  sparsum  and  variety  argutum  differ  decidedly 
from  Spiropora  regularis  in  that  the  latter  has  considerably  lai^er  zoodcia. 

Occurrence. — ^Not  uncommon  at  Lockport,  N.  Y. 

Catalogue  number,  35557,  U.  S.  National  Museum. 

Genus  MITOCLEMA  Ulrich. 

MUocUma  Ulrich,  Jcair.  Clnotnnatl  8oc.  Nat.  Hist.,  V,  1882,  p.  150. 

Compare  Clonopora  Hall,  Nat.  Hist.  New  York,  Pal.  VI,  1886,  p.  25,  and  Enlalophora  Lamouroux 
Exp.  meth.  des  genres  do  pol.,  1821,  p.  81. 

Ramose  Cyclostomata  composed  of  long  tubular  zooeciii  diverging  from  an  imaginary 
axis  in  all  directions  to  the  surface,  where  they  bend  outwarJ,  and  often  l)ecome  free  and 
much  produced.  Apertures  oiixMlar,  usually  arranged  in  regular  transverse  or  su}>spiral 
series. 

As  to  the  advisability  of  referring  the  following  new  species  to  the  Ordovician  genus 
Mitodema  or  to  the  very  similar  Clonopora j  founded  upon  Devonian  forms,  the  writer  is  still 
in  doubt.  Both  of  these  genera  may  eventually  prove  to  be  synonyms  of  the  recent  genus 
EnUdophora.  Undoubted  species  of  Stomatopora  and  Berenices  are  found  in  most  of  the 
formations  from  Ordovician  to  recent  times,  and  it  is  not  at  all  unlikely  that  EnUdophora 
will  also  prove  to  be  one  of  thcise  long-enduring  simple  cyclostomatous  generic  types. 

MiTOCLEMA   8ARLEI  n.  Sp. 
PI.  V,  flgs.  10-12. 

2iOarium  of  very  small,  slender,  ramose,  cylindrical  branches  0.35  to  0.45  mm.  in  diam- 
eter. Zocecia  long,  tubular,  with  circular  apertures  about  0.1  mm.  in  diameter  projecting 
upward  and  outward  from  the  l>ody  of  the  stem.  Measuring  longitudinally,  there  are 
about  three  zooecia  in  2  mm.  The  space  between  the  zocp<*ial  apertures  is  gtmerally 
smoothi  but  sometimes  exhibits  faint  transverse  wrinkles. 

All  of  the  specimens  of  this  species  so  far  olwervcd  are  attached  to  slabs,  but  these  indicate 
that  each  brmnchlet  bears  four  lonptudinal  rows  of  zoopcia  whose  apertures  are  so  placed 
that  a  Miftiewhat  regular  ascending  spiral  series  is  the  result.  In  the  numlier  of  zooecia, 
M .  Mrin  is  cliflcrcnt  from  all  of  the  described  species  of  the  genus,  no  other  form  having  so 
few  rows  of  a[)ertures. 

This  neat  species  is  named  in  honor  of  Mr.  Clifton  J.  Sarle,  of  Rochester,  N.  Y.,  who 
kindly  collected  a  considerable  numlxT  of  bryozoa  at  that  place  for  the  wriu^r. 

Occurrence. — Common  on  the  thin  slabs  of  limestone  in  the  Rochosttir  shale  at  Rochester, 
N.  Y. 

Catalogue  numl)er,  35460,  U.  S.  National  Museum. 

K'auiily  0KriA.lVI<>1^0RII>>fi:  TTlrioh. 

GenusCKRAMOPORA  Hall. 
* 

In  1890  Ulrich  &  restricted  the  genus Oeramopora  to  the  type  species,  C.  imhricaia,  making 
the  peculiar,  spongy,  basal  tissue  in  connection  with  the  indefinite  wall  structure,  large 
openings  in  the  walls,  and  absence  of  diaphragms,  the  characteristic  features.  Since  that 
time  other  undoubted  species  o(  Ceramopora  have  been  discovered  which  show  that  the 
more  important  characters  of  the  genus  are  the  indefinite  wall  structure  of  both  zoGDcia  and 
mesoporpa  and  the  large  openings  in  the  walls  allowing  neighboring  tubes  to  communicate 


a  Quart.  Jour.  Geol.  Soo.  London,  XX  VllI,  1882,  p.  r»6,  figs.  4^6. 
ft  Geol.  Survey  Illinois,  Vlll,  1890,  p.  493. 
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with  each  other.    The  growth  mfty  be  free,  discoid,  lamellate,  massive,  or  incrusting,  the 
spongy  basal  layer  may  be  absent,  and  the  diaphragm  may  or  may  not  occur. 

The  various  species  of  Oeramopora  may  be  distinguished  by  external  features  that  are 
more  readily  perceived  by  a  study  of  actual  examples  than  by  description.  This  peculiar 
aspect  of  the  surface  seems  to  be  the  result  of  the  open  mesopores,  together  with  the  irregu- 
larity of  both  zooBcia  and  mesopores,  and  the  prominent  lunaria. 

Oeramopora  imbricata  Hall. 

PI.  VI,  flgs.  1-10. 

Oeramopora  imbricata  Hall,  Nat.  Hlat.  New  York,  Pal.  II,  1852,  p.  160,  pi.  ««)E,  figs.  la-l. 
Oeramopora  imbricata  Ulrieh,  Oeol.  Survey  Illinois,  VIII,  1«90,  p.  463,  pi.  .*»,  figs.  1-lb. 
Oeramopora  imbricata  Grabau,  Ball.  New  York  State  Mus.,  No.  45, 1901,  p.  163,  fig.  58. 

Ulrieh  (op.  rit.),  has  brought  out  the  salient  feature's  of  this  species  in  the  following 
description: 

Zoariuiii  free,  diacoidal,  plano-convex,  under  side  sometimes  slightly  concave,  from  5  to  15  mm.  in 
diameter;  thicknessat  center  seldom  exceeding  4  nnn.,  iisiiHliy  only  about  2  or  3  mm.  Noepithecaon 
the  lower  side.  Lower  or  basal  portion  of  zoarlum  composed  of  a  cellular  or  spong>'  tissue,  from  which 
the  zouecia  grow  out  more  or  less  obliquely.  At  the  depressed  center  of  the  zoarium  the  sooecia  are 
nearly  direct,  but  toward  the  margin  they  gradually  l)ocome  more  and  more  oblique.  Zooccia  com- 
pressed tubular,  l>etng  long  oval  in  transverse  section.  Apertures  Imbricating,  arranged  in  multiply- 
ing radial  series,  all  facing  away  from  the  center,  triangular  or  oval  in  outline,  0.5  to  0.7  mm.  in  thdr 
long  dia:neter.  Intercellular  space  occupied  by  irregularly  fiexuous  rows  of  mesopores,  variously 
shaped,  short.  ZotrcM'al  tul)es  and  mesopores  communicate  ruthnr  freely  by  means  of  perforations  in 
the  walls.  Besides,  the  walls  have  that  granular  structure  which  is  supposed  to  indicate  originally 
minutely  porous  condition.     Lunarium  small,  yet  well  marked.    No  diaphragms  developed. 

To  the  above  may  be  added  that  growth  in  this  spe<:ies commences  parasitically  on  small 
foreign  objects,  crinoid  stems  being  usually  selected.  As  new  tubc^  are  added,  the  free  disk- 
shaped  zoarium  results  by  growth  beyond  the  object  originally  incrusted.  The  latter  in 
some  spe<umensis  still  preserved  but  more  frequently  is  represented  only  by  the  cicatrix  of 
attachment.  Measuring  along  one  of  the  rows  radiating  from  a  macula,  three  zooecia  are 
usually  found  in  a  distance  of  2  nun.  A.  young  or  even  average  specimen  is  made  up  of  a 
central  macula  from  which  the  zocBcia  radiate  toward  the  growing  edge,  but  larger  exam- 
ples exhibit  several  macula*. 

The  discoid  growth,  spongy  basal  layer,  and  the  conspicuous  macule  with  the  radiating, 
oblique,  imbricated  zocecia  are  characters  by  which  this  species  can  readily  be  distinguished 
not  only  from  all  a.s.sociated  bryozoa  but  also  from  other  species  of  Oeramopora.  Meno- 
trypa  nummifomiis  has  a  similar  discoid  method  of  growth  but  the  much  smaller  zocecia, 
aKsenc^  of  a  lunarium  and  the  epithecated  under  surface  are  external  characters  which  will 
distinguish  it  at  once. 

Occurrence.— Not  uncommon  in  the  Rochester  shale  at  Rochester,  Lewiston,  and  Lock- 
port,  N.  Y.,  and  in  the  same  formation  atThorold  and  Grimsby,  Ontario.  Rather  abun- 
dant in  the  Osgood  beds  at  Osgood,  Ind. 

Catalogue  numbers,  35464,  35465,  35466,  4:3280,  U.  S.  National  Museum. 

Oeramopora  niagarensis  n.  sp. 

PI.  VI.  figs.  11-13. 

/joarium  explanate,  at  first  attached  to  foreign  bodies,  then  becoming  free  and  provided 
with  an  epitheca;  by  the  superposition  of  s<*veral  layers,  rounded  or  irregular  lumps  2  to  4 
cm.  in  diameter  may  result.  Thickness  of  the  individual  layers  of  a  zoarium  varying 
from  1  to  2  mm.  Celluliferous  surface  lough  on  account  of  the  prominent  hinarta  and 
exhibiting  well-marked  macular  composed  of  open  mesopores.  Zocscial  apertures  nearly 
direct,  ovate,  three  in  2  mm.,  rather  regularly  arranged  about  the  macube.  Lunarium 
strongly  elevated  and  well  developed,  occupying  the  posterior  half  ol  the  locecial  aperture. 
Mesopores,  as  usual  in  the  genus,  open  at  the  suKaceand  variable  in  size,  shape,  and  num- 
ber, but  commonly  about  two  to  a  zooecium. 
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Vertical  sections  show  that  the  walls  of  the  tubes  are  at  first  thin  but  thicken  in  the 
mature  region  where  the  characteristic  indefinite  structure  and  the  pore-like  openings  are 
well  exhibited.  Diaphragms  wanting.  In  tangential  sections  the  lai^e,  well-defined 
lunarium  projecting  in  the  zocecial  cavity  is  the  special  feature,  while  the  ovate  zooBcia, 
irregular  mesopores,  and  indefinite  wall  structure  are  also  well  brought  out. 

With  the  exception  of  Ceramopora  imhricata  and  C.  labecula,  all  of  the  Niagaran  species 
described  by  Hall  under  Ceramopora  appear  to  be  fistuliporoids.  The  free  zoarium  of 
C.  imbricala  and  the  small  attached  disks  of  C.  lahecula  are  difTorences  in  growth  that  will 
readily  distinguish  them  from  the  species  here  described.  The  open  mesopores,  strongly 
arched,  prominent  lunaria,  and  radiating  zocecia  pre-sent  an  appearance  so  different  from 
associated  bryozoa  that  this  is  not  likely  to  be  confused  with  any  other  species. 

Occurrence. — Not  uncommon  in  the  Rochester  shale  at  Rochester  and  Lockport,  N.  Y., 
and  at  Qrimsby,  Ontario.     Rare  in  the  Osgood  bods  at  Osgood,  Ind. 

Catalogue  numbers,  35735, 35736,  U.  S.  National  Museum. 

Genus  CERAMOPORELLA  Ulrich. 

Zoarium  of  incrusting  layers,* which  by  superposition  may  form  masses;  zooecia  short, 
tubular,  with  thin  walls;  apertures  oval,  oblique,  the  lunarium  forming  a  hood;  mesopores 
abundant,  often  completely  encircling  the  zooecia. 

Hitherto  this  generic  type  has  been  supposed  to  have  been  restricted  to  the  Ordovician, 
but  the  following  species  possess  all  of  the  features  of  the  genus. 

Cbbamoporella  orbioulata  (Ringueberg). 

PI.  IX,  figs.  12-15. 
Ceramopora  orbicvkUa  Ringueberg,  Bull.  Buffalo  Soc.  Nat.  Hist.,  V.  1886,  p.  19,  pi.  2,  figs.  13,  13a. 

Original  dfScription.—H&bit  parasitic,  small,  flat,  discoid,  central  portion  slightly  elevated,  from 
which  point  the  lip  of  a  lamination  extends  outward  and  curving  backward  to  the  outer  border  of  the 
disk,  showing  that  It  increased  by  growing  upon  itself  in  spiral  laminai,  and  gives  no  evidence  of  any 
further  lateral  extension.  Cells  closely  arranged,  directed  outward  from  the  center  at  tin  oblique  angle 
tending  in  the  direction  of  the  spiral  growth,  and  have  a  prominent  narifomi  calice  over  the  upper  side. 
Outer  border  of  disk  striate. 

From  the  upper  part  of  the  shale. 

The  specimen  described  and  figured  by  Ringueberg  proved  upon  examination  to  be  the 
young  of  ACeramoporellaj  at  first  supposed  by  the  writer  to  l)e  a  new  species.  These  small 
incrusting  disks  are  not  uncommon  in  the  shales,  and  a  careful  study  of  their  zooecial 
characters  will  usually  determine  their  relations  to  older  specimens.  Most  of  the  various 
ceramoporoids  and  fistuliporoids  commence  their  growth  as  small  incrusting  disks  which 
appear  quite  distinct  and  often  seem  to  bear  no  relation  to  the  mature  form.  The  following 
are  the  characters  of  Ringue berg's  species  as  observed  in  mature  specimens. 

Zoarium  of  thin  parasitic  incrustations  seldom  exceeding  0.40  mm.  in  thickness.  Sur- 
face smooth,  exhibiting  at  intervals  of  2  to  2.5  mm.  small,  solid  macula?  from  which  the 
zooecia  radiate.  Zooecial  apertures  round  to  oval,  placed  at  the  lx)ttom  of  vestibular  areas 
formed  by  thin  coalescing  ridges  occupying  the  interspaces.  Al)out  10  zooecia  in  2  mm. 
Lunaria  crescentic,  small  but  prominent,  occupying  about  one-sixth  t>f  the  vestibular  perim- 
eter, and  with  the  ends  projecting  slightly  into  the  zoojcial  cavity.  The  vestibular  areas 
are  polygonal  in  outline,  usually  quadrangular  when  the  radiate  arrangement  is  pronounced, 
and  bear  the  lunaria  on  the  angle  nearest  a  macula. 

A  perfect  specimen  of  this  neat  little  species  with  its  radiating  zooecia  and  prominent 
lunaria  forms  one  of  the  prettiest  bryozoans  of  this  formation.  The  extremely  small 
zocecia,  polygonal  outline  of  the  vestibules,  small  crescentic  lunarium,  and  the  radiate, 
almost  diagrammatic  arrangement  of  the  zooecia  a lx)ut  the  macule  are  characters  which  will 
cause  this  form  to  l)e  easily  identified. 

Occurrence. — Not  uncommon  in  the  Rochester  shale  at  LKM»kport,  Rochester,  I^ewiston, 
and  Niagara  Falls,  N.  Y.,  and  at  Grimsby,  Ontario. 

Catalogue  numbers,  35478,  35479,  35737,  U.  S.  National  Museum. 
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Oeramoporblla  i&RBotJLARis,  n.  sp. 

Pi.  IX.  figs.  7-9. 

Zoarium  incrusting,  the  type  specimen  growing  around  a  crinoid  column  and  consisting 
of  two  superposed  layers  of  zocecia  varying  from  one-third  to  1  mm.  in  thickness.  Zooscial 
apertures  direct,  arranged  radially  about  the  macules,  which  are  small  and  inconspicuous 
and  consist  mainly  of  mesopores.  Zooecia  usually  angular,  4  to  5  in  2  mm.,  with' thin 
walls,  the  posterior  one-fourth  exhibiting  the  sharply  elevated  lunarium  which  is  less  over- 
arching and  more  erect  than  usual.  Mesopores  rather  numerous,  angular,  thin-walled, 
irregular  in  size  and  shape. 

Vertical  sections  show  that  the  zocecia  have  a  small  axial  region  and  a  large  peripheral 
zone.  The  walls  exhibit  the  indefinite  hazy  structure  transversely  marked  that  is  charac- 
teristic of  the  family  as  a  whole  and  is  known  as  ceramoporoid  structure.  A  single  dia- 
phragm is  inserted  in  some  of  the  zocBcial  tubes.  Tangential  sections  bring  out  the  luna- 
rium and  the  irregular  zocecia  and  mesopores  particularly. 

This  interesting  species  is  closely  related  to  the  Cincinnatian  form,  CerdmoporeUa  distir^cta 
Ulrich,  but  differs  in  having  a  larger  and  more  prominent  lunarium,  and  more  irregular 
zocecia  and  mesopores.  Care  must  be  taken  to  separate  it  from  the  asMiciated  Ceramofora 
niagarensiSf  which  it  resembles  externally  in  some  respects.  However,  upon  examinatipn 
with  the  lens,  the  angular,  thin-walled,  direct  zocecia  and  mesopores  of  the  CeramoporeUa 
contrast  strongly  with  the  thick-walled,  oblique  zocecia  and  long-drawn-out  lunarium  of  the 
Ceramopora. 

Occurrence. — Rather  rare  in  the  Rochester  shale  at  Lockport,  N.  Y. 

Catalogue  number,  35480,  U.  S.  National  Museum. 

Genus  CCELOCLEMA  Ulrich. 

The  Niagaran  rocks  of  New  York  and  Indiana  contain  several  new  species  of  ceramopo- 
roids  which  in  the  present  state  of  knowledge  can  only  be  referred  to  the  Ordovician  genus 
Ccdoclema.  These  Silurian  forms  have  several  features  in  common  which,  with  a  careful 
study  of  this  group,  will  probably  cause  them  to  be  assigned  elsewhere.  Caloclema  was 
established  for  ceramoporoids  having  zocecia  as  in  CeramoporeUa,  but  differing  in  that  the 
zoarium  formed  hollow  branches  lined  internally  with  a  striated  epitheca. 

CcELOCLEMA    CAVERNOSA  n.  Sp. 
PI.  XXIII,  flga.  10-13. 

Zoarium  of  hollow  branches  varying  in  diameter  from  2  to  5  mm.,  lined  internally  with 
a  striated  epitheca;  thickness  of  zoarium  0.5  mm.  or  less.  Surface  without  monticules  but 
rough  on  account  of  the  projecting  lunaria*  Maculae  small,  solid,  not  a  prominent  feature. 
Zocecia  arranged  in  regularly  ascending  diagonally  intersecting  rows,  measuring  along  one 
of  the  rows,  5  zocecia  in  2  mm.  Posterior  wall  of  zocecia  raised,  long  drawn  out,  and  ovei^ 
arching  the  aperture,  forming  the  prominent  lunarium.  Internal  structure  as  in  Ceramo- 
poreUa and  related  genera  of  the  Ceramoporidse. 

The  only  associated  hollow-branched  species,  Fiatvlipora  ttibercuiosa  (Hall),  may  readily 
be  separated  from  the  form  just  described  by  its  very  small,  strongly  bilobed  zocecia  l&nd 
different  internal  structure. 

Occurrence, — Half  a  dozen  specimens  were  found  in  the  Rochester  shale  at  Lockport, 
N.  Y.;  rare  in  the  Osgood  beds  at  Osgood,  Ind. 

Catalogue  number,  35471,  U.  S.  National  Museum. 

Genus  SPATIOPORA  Ulrich. 

2k>arium  forming  thin  crusts,  usually  on  Orthoceras;  zocecia  very  short,  nearly  direct; 
apertures  irregular,  with  blunt  spines  at  the  angles,  no  lunarium  developed;  elevated, 
elongated  maculae  usually  a  conspicuous  feature. 

The  following  species  agrees  in  all  respects  generically  and  is  otherwise  closely  related  to 
typical  Cincinnatian  forms,  such  as  S.  lineaia  Ulrich. 
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Spatiopora  maoulata  (Hall). 
PI.  VIII.  tigs.  1-4;  PI.  IX,  figs.  10, 11. 


-  Hall,  Nat.  Hist.  New  York,  Pal.  II,  18S2,  pi.  40E,  figs.  7a,  b. 


PcUeachara  macuUUa  Hall,  Twenty-eighth  Ann.  Rept.  New  York  State  Mas.  (doced.),  187(|i,pl.8,flgB. 

9, 10;  Ibid:  (Mus.  ed.),  1879,  p.  121,  pi.  8,  figs.  9-13. 
Paletchara  mactOata  Hall,  Eleventh  Ann.  Rept.  Indiana  Oeol.  Nat.  Hist.,  1882,  p.  246,  pi.  7,  figs.  9-lS. 
Leptotrypa  maaOata  Ulrich,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  VI,  1883,  p.  158. 

PtHftcharat  atpera  Hall,  Twenty-eighth  Ann.  Rept.  New  York  State  Mus.  (doc.  ed.),  1876,  pi.  8,  figs. 
11-13. 

Several  specimens  were  found  in  the  Rochester  shale  agreeing  in  all  respects  with  typical 
examples  of  the  species  from  the  Waldron  shale  described  by  Hall  as  Paleachara  maadala. 
A  8ludy  of  the  intosnal  and  external  features  of  these  in  connection  with  the  Waldron 
i|ieoiineiiB  Amm^Atit  HalVs  species  is  a  Spatiopora  with  close  relation  to  the  Liorraine 
§mm§  S^wmonlm^MmiS,  lineata  Ulrich  .a  The  Niagaran  form  differs  from  both,  however, 
lb  iMmas^aiMiteiUf  larger  zooecia.  Hall  has  given  good  figures  of  the  species  and  these, 
vilh  a  (tnmitff,^0kf  surface  and  internal  structure, are  reproduced  on  Pis.  VIII  and  IX. 
CM ftui mpif  jdhgir  the  well-mariced  maculce  which  suggested  the  specific  name,  but  in  young 
iqiecimens  the  maculae  are  much  less  conspicuous,  the  principal  feature  being  the  well- 
maiked  lineate  arrangemeDt  of  the  soeeoia. 

The  zoarium  of  S.  macuIaUi  consists  of  esoeedingly  thin  expansions,  generally  incrusting 
the  shells  of  Platysloma,  although  smooth  brachiopods  are  sometimes  fielected.  Zooeota 
elongate,  polygonal,  and  arranged  lineately  in  young  examples,  measuring  longitudinally 
4  to  5  in  2  mm.  and  7  in  the  sanne  space  transverwly ;  hexagonal,  mod  the  Kaeate  furrange- 
ment  less  pronounced  in  older  specimens  where  6  zooecia  may  be  counted  in  2  mm.  With 
age  small  spines  develop  until  in  the  most  mature  specimens  the  walls  inclosing  a  zocecium 
bear  from  12  to  15  of  these  blunt  acanthopore-like  structures  generally  found  in  Spatiopora, 

Oecurrenre. — ^Waldron  shale,  Waldron,  Ind.,  and  Newsom,  Tenn.;  Rochester  shale.  Lock- 
port,  N.  Y.,  and  Grimsby,  Ontario. 

Catalogue  numbers,  35461,  35462,  35463,  U.  S.  National  Museum. 

ir-arnily  ir-ISTULII^ORir)^*:  XJlric^h. 
Genus  FISTULIPORA  McCoy. 

Zoarium  massive,  lamellate,  ramose,  parasitic  or  free;  under  surface  with  a  wrinkled  epi- 
theca;  zooecia  cylindrical  or  somewhat  compressed,  direct  or  almost  so,  thin  walled  until 
near  the  surface,  and  provided  usually  with  a  few  diaphragms,  and  encircled  by  one  or  more 
series  of  vesicles;  apertures  subradially  arranged  about  the  macule,  ovoid,  subtriangular  or 
pyriform,  the  lunarium  more  or  less  strongly  developed;  surface  between  apertures  smooth 
or  granular. 

FlBTULIPOBA   LAMINATA  (Hall). 
PI.  VII,  figs.  4-«;  PI.  VIII,  figs.  9, 10. 

CaHop&ra  lamimUa  Hall,  Nat.  Hist.  New  York,  Pal.  II,  1852,  p.  146,  pi.  40,  figs.  3a-e. 

Letodemar  lammattm  Utrieb,  Oeol.  Survey  mtBota,  VUI,  1«0,  pp.  416, 425. 

Lioclema  {7 Nid»i9ondtm)  immimaum  WlefcleawKI  liwiili,1»«W.  U.  8.  «m1.  Bunrey  No.  173, 1900,  p.  304. 

Professor  Hall  distinguished  this  species  fram  the  mmidiifaMCaBopora  (now  NiekdmmeUa) 
forida  by  the  much  smaller  cell  sjpertores,  tnit  an  emnllMiMm  of  lit^figurod  type  flihows  that 
it  is  a  specimen  of  a  well-roaiicftf  species  of  FiMtipata  fflMq^from  ssBoeisted  f orbs  of  this 
genus  in  i:s  laminar  growth,  sdmUI  zooMia,  and  weR-dcrveiofpMl  kmarivm.  The  aooMM  are 
usually  trilobate  in  outline  because  of  the  well-deT«loped  Hmsrium  occupying  «boiit  4iiie- 
third  of  the  circumference  and  indenting  the  cavity.  Five  to  six  zooecia  may  be  oounted  in 
2  in  m . ,  wh  ile  the  diameter  of  an  individual  zooecium  is  usually  0.20  mm .  In  width  the  inter- 
aooecial  spaces  average  the  diMneter  of  the  zocecia  and  are  occupied  by  vesicles,  ^iriiidi 


•  Jms.  rmt fl  8oc  Nat.  Ui^,  VI,  |tt3,  p,  167,  pi.  7. 
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become  closely  arranged  as  the  aaiixe  is  •f^pfQtehfK).  At  the  surfare  the  vesicles  are 
replaced  by  a  dense  ca)careou»4epoflit,  wfaksh  ||(viii.tl|#  ■olid  aspect  to  the  maculn  and  inter  ■ 
xocecial  spaces. 

Compared  with  FiHulipora  loekp9rten9i$,  fptiicb  ^90  has  a  laminate  growth,  F.  ktminata 
may  be  readily  distinguished  by  its  mvMsh  ioudler  ssooBcia  and  strong  lunaria.  The  other 
associated  species  of  the  genus  differ  so  much  in  growth  and  oilier  characters  that  they  should 
not  be  confused. 

Occurrence. — Rather  uncommon  in  the  Rochester  shale  ai  Imckport  and  Rochester,  N.  Y., 
and  at  Qrimsby,  Ontario. 

CbMofue  numbers,  35467,  35468,  35738,  U.  S.  National  Muaeum. 

FiSTULIPORA   TUBERCULOSA  (IMI). 
PI.  VII,  flgB.  11-15;  PI.  VIII,  figs.  7,  8;  PI.  KXllh  Ag-  H 
Hall.  Nat.  Hist.  New  York,  Pal.  II,  18&a,  p.  IW,  pl.  if».  flgi.  M^. 


I  Qntbau,  Bull.  New  York  SUte  Mua.,  No.  45, 19OS,  |f,  m,flg.  77. 
The  type  s^aoMMH  of  Rhinofxtra  tubereuloM  was  found  by  Iha  wfiter  to  be  a  somewhat 
cnisha^axamplh  al  a  Fiiiu(ipora  having  a  utricular  method  of  §nmth  and  occurring  in  com- 
parative abundance  in  the  shalea.    Other  more  perfect  specimens  show  the  followii^  dia^ 
noetic  characters: 

Zearium  consisting  of  irregular  hollow  branches,  with  a  wrinkled  epitheca  on  the  inside, 
averaging  5  mm.  in  diameter  when  not  cruised;  thickness  of  zoarium  ranging  from  (X5  to 
V^wmm.  Surface  exhibiting  at  intervals  averaging  3  mm.  subsolid,  slightly  elevated  monti- 
cujbafeaaa  «hi*b  th^aeiacia  radiale  in  distinct  lines.  Apertures  small,  elongate  oval,  0.20 
««a^  ib their  fonger  dbmeler  and  0.10  mm.  in  the  shorter,  7  to  8  in  2  mm.  Lunarium  very 
and  ererarebiag  more  than  one-half  the  aperture.  Macule  and  zooecial  inter- 
[  bj  angidar  vesicles. 

Tim  wHtkaim  hrm  el  giowth,  small  zooecia,  and  prominent  lunaria  are  characteristic  of 
r  it  to  be  easily  distinguished  from  associated  forms  of  FisluHpora. 

I  branches  of  this  species  are  small,  an  entire  zoarium  is  often  of 
rimen  in  the  collection  of  the  United  States  National  Museum  being 
13  onk  lM^aB^15«ni:  in  breadth. 

Otenrrenee. — I*fot  uncommon  at  Loekport  and  other  localities  in  western  New  York; 
Griipsby,  Ontario. 
Catalogue  numbers,  35486,  35487,  U  S.  National  Museum. 

F18TUUPORA  LOCKPORTBN8I8  n.  sp. 
PI.  Vll,  Qgs.  1-3. 

2k>arium  forming  irregular  lumps  made  up  of  superposed  layers  10  cm.  in  diameter,  but 
more  often  consisting  of  epithecated  laminar  expansions  5  cm.  wide  and  composed  of  layers 
each  1 )  to  3  cm.  thick.  SuKace  rough  on  account  of  the  large  zocecial  apertures  and  exhibit- 
ing rather  irregular  and  inconspicuous  rounded  monticules.  The  latter  may  be  distin- 
guished most  easily  by  the  presence  of  maculte,  from  which  the  noecia  raifiate.  Zooecia  m 
\h^  immediate  vicinity  of  the  maculn  slightly  larger  and  With  mom  piMMMBt  lunaria;  4 
|0CBcia  in  2  mm.  Apertures  rounded  and  with  a  distinctly  ill  1  af  i^paihtaina;  the  posterior 
lalf  more  elevated  and  forming  the  lunaria,  which  is  iMoally  incaHficiioua  and  seldom 
;  l^fi^M  ^he  zooecial  cavity.  Macule  and  interzocedaf  spaeea  ocaapttd  aa  uaual  ta  the  genus 
q^' vesicles.  Diaphragms  usually  wanting  in  the  aocecial  tubes,  allhoagjb  orcaaiooally  a  few 
hjll  delicate  ones  may  be  developed. 

The  |apiinar  or  irregular  growth,  latge  xoocis,  and  inconspicuous  lunaria  ars  partieularly 
phjiraoi^n^^^^  of  this  species.  The  aaeoeiated  F.htmiruUa  also  has  an  explanate  method  of 
ncMjrth,  but  its  much  smaller  zooecta  and  walMeveloped  lunaria  will  serve  as  a  ready  means  of 
jpftnctiiUL 

^^Muripl^-- Not  uncommon  at  Loehfiii awl  Rochester, N.  Y. 

£^|||ue  numbers,  35488,  SMaih^lLft^lbtiaoai  Muaeum. 
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FisTULiPORA  CRUSTPLA  D.  sp.  Of  new  name. 

PI.  VII,  flgs.  7-10:  PI.  VIIT,  figs.  16,  17;  PI.  XXlII,  fig.  15. 

Compare CemrTiopora  incrMtans  Hall,  Nat.  Hist.  New  York,  Pal.  II,  1&52,  p.  169,  pi.  40E,  flgs.  2a-d;  Gra- 
bau,  Bull.  New  York  State  Mus..  No.  45,  1901,  p.  163,  fig.  59. 

Zoarium  incrusting,  usually  consisting  of  a  single  layer  and  this  seldom  more  than  1  mm. 
in  thickness.  Surface  marked  with«conspicuous  macular,  which  are  sometimes  elevated,  but 
more  often  depressed  below  the  plane  of  the  zooecial  aperture.  Measured  from  center  to 
center  the  maculie  are  on:an  average  3.5  mm.  apart.  Zooeoial  apertures  6  to  7  in  2  mm., 
arranged  in  more  or  less  regular  series  radiating  from  the  maculaB.  When  the  zoarium  is  in 
the  youthful  condition  or.theisuKace  is  worn,  the  zooecial  apertures  are  somewhat  rounded  or 
trilobate  and  are  separated  by  mesopores;  but  in  the  perfect  mature  stage  the  zocccial  inter- 
spaces are  occupied  by  walk}  oi*  ridges,  which,  c^aleiv^ing,  form  a  polygonal  area  inclosing 
the  aperture.  Lunaria  small,  but  well  developed,  appearing  as  a  crcscentic  elevation  at  one 
of  the  angles  and  projecting  slightly  into  the  zooecial  cavity. 

In  thin  scc^tiohs  the  zocecia  arc  seen  to  be  at  first  prostrate  and  then  to  bend  almost  at 
right  angles  direct  to  the  surface.  Interzocecial  spaces  occupied  by  a  considerablo.numfcjer  of 
large  angular  vesicles,  the  maculie  also  being  simply  clusters  of  .vesicles..^ 

The  incrusting  growth,  well-marked  macula*,  size  of  zocBcia ,  small  sharply  defined  crescen- 
tic  iunaria,  and  the  inclusion  of  the  apertures  in  polygonal  areas  are  particularly  character- 
istic of  this  species.  In  all  probability  the  latter  feature  would  cause  this  forrii  to  he  regai^ded 
as  a  species  of  Sdenopora  tlall,a' the  distinguishing  feature  of  this  genus  being  the  situation.of 
the  aperturesin  a  polygonal  area  formed  by  coalescing  ridges.  Inasuuicli  as  thi^  peculiant^ 
has  been  observed  in  other  genera,  notably  CeramoporellafXhe  writer  has  deferred  the  refer- 
ence of  this  and  similar  forms  to  Sdenopora  until  a  thorough  study  of  the  entire  group  can  bo 
undertaken.  .  , 

The  types  of  Ceramopora  incrustans  could  not  be  found,  but,  ji^dging  frpm  Hall's  figures, 
that  species  and  the  one  here  described  are  apparently  the  same.  The  hew  name  FistvUjjpra 
crustnla  is  liere  proposed  in  the  event  of  the  two  proving  (o  l)e  llio  .siinie,  the  specific  name 
incrustans  having  lH»cn  applied  to  a  European  Carboniferous  Fistulipora,  first  dcscri lied  by 
Phillips  as  Calamopora  incntstans.  Should  IlalPs  typos  be  found  and  dilfer  fronrtljc  s|X^ci- 
mens  of  F.  crustula  here  descrilwd,  l>oth  names  will  stand,  unless  of  course  Ceraniojtora 
incrnsians  proves  to  l>e  a  true  FistuUjuirn,  when  another  new  name  will  bocoine  necessar}'. 

Occurrence.. — Abundant  in  the  Rochester  shale  at  L<M"kport,  Niagara  (iorge,.and  Uochej*- 
ter,  N.  Y.,  and  at  Grimsby,  Ontario. 

Catalogue  numl)ers,  35481,  35482,  35483,  35550,  U.  S.  National  Museum. 

Genus  CiniX)TKYPA  Ulrich. 

Small  ramose  Fistuliporidif.  with  a  narrow  irregularly  coiitraclJng  and  expanding  axial 
tube. 

CniLOTRYPA    OSTIOLATA  (Hall). 
PI.  Vm,  figs.  11-15;  PI.  IX,  figH.  1  4. 

Trematopora  oxtiolafa  Ilall,  Nat.  Tllst.  New  York,  Pal.  11,  1852,  p.  152.  pi.  40A,  flgs.  r»n-m. 
Chilotrj/fHi  osHolata  Ulrich,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  VI 1,  1884,  pi.  3,  figs.  7,  7a. 
Chilotrvpa  onHolata  Orahau,  Bull.  New  York  SUto  Miis.,  No.  4.5,  1901,  p.  164.  fig  (JO. 
Trematopora  coaUttcenff  Hall,  Nat.  V.isr.  New  York.  Pa!.  H.  18.52,  p.  1.50,  pi.  40A,  figs.  2a,  h. 
Chilotrypa"!  coale^scens  Nlcklcs  and  Rarslpr,  lull.  U.  S.  Oeol.  Survey  No.  173,  p.  207. 

This  is  probably  the  most  abundant  bryozoan  of  the  Ktx-hester  shale,  fragments  being 
found  in  great  numbers  wherever  the  bryozoan  beds  are  exposed.  Often  several  inches  or 
more  of  strata  are  composed  almost  entirely  of  fragments  of  this  species.  Hall  and  Ulrich 
have  amply  illustrated  and  described  the  .species,  but  for  the  sake  of  rompletencas,.  aod.in 
order  to  give  measurements,  the  following  description  is  offered:  »  .,-. 

..^    _  _  -  poii  mm:    ■ 

a  Nat.  Hist.  New  York,  Pal.  VI,  1889,  p.  xvii. 
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Zoarium  of  small  ramose  cylindrical  stems  dividing  irregularly  at  somewhat  variable  dis- 
tances and  averaging  2  or  3  mm.  in  diameter.  Surface  smooth  but  exhibiting  at  regular 
intervals  small,  solid,  slightly  depressed  maculse,  around  which  the  zocscia  are  somewhat 
larger  than  usual  and  radially  arranged.  Zooecia  rounded  to  oval,  6  in  2  mm.  me^isuring 
in  the  direction  of  their  greater  length,  0.20  to  0.25  mm.  in  diameter.  Zooecial  margin 
elevated  highest  posteriorly,  where  it  forms  the  lunarium,  but  gradually  diminishing  toward 
the  anterior  end.  InterzocBcial  spaces  occupied  by  vesicles  which  become  filled  by  a  dense 
deposit  of  tissue  at  the  surface.  -  Axial  tube  narrow,  about  0.60  mm.  wide  at  the  most 
expanded  portion  and  becoming  reduced  to  0.10  mm.  where  legist  expanded. 

Through  the  kindness  of  Professor  Whitfield  the  writer  was  enabled  to  examine  the 
types  of  both  Trematopora  osiiolaia  and  T.  coalescemt,  with  the  result  as  indicated  in  the 
above  synonymy.  The  type  of  the  latter  is  a  broad,  frequently  dividing  branch  differing 
otherwise  in  no  respect  from  typical  specimens  of  the  former.  In  the  writer's  opinion, 
this  species  is  merely  the  basal  portion  of  ChUotrypa  ostiaiata.  In  this  event  the  spex;ific 
name  coalescens  should  have  precedence  as  its  description  precedes  that  of  Trematopora 
osiiolaia.  However,  the  latter  name  has  become  so  grafted  into  the  literature  that  it 
seems  unwise  to  change  it  for  the  hitherto  practically  unknown  form,  T.  coalescens. 

Occurrence. — Very  abundant  at  Lockport  and  at  all  the  other  Rochester  shale  localities 
in  New  York  and  Canada.     Also  common  in  the  Osgood  beds  at  Osgood,  Ind. 

Catalogue  numbers,  35492,  44117,  35490,  35491,  U.  S.  National  Museum. 

Genus  MEEKOPORA  Ulrich. 

Zoarium  of  broad,  bifoliate  fronds,  celluliferous  on  both  faces;  zooBcia  with  numerous 
diaphragms,  oblique  apertures,  and  not  very  prominent  lunaria.  The  following  species 
is  the  earliest  known  of  the  genus: 

Meekopora  fouacea  (Hall). 
PI.  V 1 1 1 ,  flgs.  5,  6;  PI.  1 X ,  figs,  a,  6. 

Cemmopora  foliacra  Hall,  Nat.  Hist.  New  York,  Pal.  II,  1852,  p.  170,  pi.  40E,  figs.  3a-<». 
Meekopora  foliacea  Nicklea  and  Basslor,  Bull.  U.  S.  Geol.  Survey  No..  173,  1900.  p.  312. 

Zoarium  bifoliate,  growing  into  thin,  flat  expansions  sometimes  as  much  as  40  mm.  in 
length  and  breadth;  thickness  usually  1  mm.  Surface  smooth  but  showing  conspicuous 
narrow,  solid,  elongate  maculae  pointed  distally  and  dividing,  each  of  the  divisions  point- 
ing and  narrowing  in  the  direction  of  growth.  Apertures  oblique,  subcircular,  0.20  to  0.25 
mm.  in  longer  diameter  and  0.15  to  0.20  ram.  in  shorter,  directed  toward  the  growing 
edge  of  the  zoarium  and  arranged  in  rather  regular,  diagonally  intersecting  rows.  Proxi- 
mal part  of  the  zocecium  slightly  raised,  forming  the  lunarium ;  interzocBcial  spaces  solid. ' 

In  vertical  sections  the  zocBcia  are  seen  to  be  at  first  prostrate  along  the  axis  separating 
the  two  layers  and  then  to  bend  abruptly  toward  the  surface.  The  interzooBcial  space  is 
here  seen  to  l)e  filled  with  vesicles  which  decrease  in  size  and  increase  in  number  as  the 
surface  is  approached.  At  and  just  below  the  surface  the  vesicles  are  obscured  or  replaced 
by  a  dense  calcareous  tissue  which  gives  the  solid  aspect  of  the  interzoiBcial  spaces  exter- 
nally. 

The  bifoliate  growth  of  this  form  distinguishes  it  from  all  associated  fistuliporoids,  while 
the  other  bifoliate  bryozoa  are  so  different  otherwise  that  specific  mention  of  them  is  not 
necessary.  Other  easily  recognized  characters  are  the  elongate,  branched  maculie,  the 
zoGBcia  with  lunaria  pointed  distally,  and  the  solid  interzocBcial  spaces.  Meekopora  fidi- 
acea  is  the  earliest  known  species  of  the  genus,  and,  as  would  be  expected,  has  not  yet 
developed  the  typical  generic  characters. 

Whitfield  and  Ilovey  a  in  their  catalogue  of  types  and  figured  specimens  in  the  Ameri- 
can Museum  of  Natural  History  have  regarded  Hall's  type  of  Ceramopora  foliacea  as  iden- 
tical with  LicheTwlia  concentrica.     From  a  personal  examination  of  the  types  of  the  two 


a  Bull.  Am.  Mu8.  Nat.  Hist.,  vol.  11,  pt.  2, 1899,  pp.  104, 105. 
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species  in  question,  the  writer  is  certain  that  this  is  an  error.  The  type  of  the  former 
species  is  bifoliate  and  exhibits  all  the  characters  of  the  specimens  here  described  and 
figured  as  Meelcopora  foliacea,  while  the  types  of  Lichenalia  concentriea  are  circular,  uni- 
laminate  expansions  with  totally  different  external  and  internal  features.  Comparison  of 
the  figures  of  the  two  species  given  on  the  plates  of  the  present  work  will  show  how  little 
allied  these  two  forms  really  are. 

Occurrence. — A  rather  abundant  fossil  in  the  Rochester  shale  at  Lockport,  Rochester, 
and  other  localities  in  New  York,  and  at  Grimsby,  Ontario. 

Catalogue  numbers,  35484,  44116,  U.  S.  National  Museum. 

Orclor  TIl,EI»C>«TC>lVlA.TiV   XJlrloli. 

This  order,  which  cx)mprise8  the  "  monticuliporoids,"  is  fairly  well  represented  specific- 
ally in  the  Rochester  shale.  Species  forming  laige  zoaria,  such  as  are  abundant  in  the 
Mohawkian  and  Cincinnatian  groups,  seldom  o<Tur,  the  majority  of  the  forms  appearing 
dwarfed  or  of  the  small  ramose  type.  Of  the  number  of  species  so  far  found,  Hall  has 
described  twelve,  and  tJIrich,  Ringucberg,  and  Foerste  one  each.  The  remaining  are  here 
regarded  as  new. 

Fajnily    M01SrnCXJLTT>0RII>>E   Niolioleon    (einen<l.    TTlrioli). 

Genus  ORBIGNYELLA  Ulrich  and  Baasler. 

Orbignyella  Ulrich  and  Basaler.  Smithsonian  Misceli.  Coll.  (Quart.  isMic),  XLVII,  1904,  p.  18. 

This  genus  was  recently  proposed  by  Mr.  Ulrich  and  the  writer  for  the  reception  of 
those  species  which  differed  from  true  Monticulipora  in  having  curved  diaphragms  instead 
of  C3rstiphragm8,  in  wanting  the  peculiar  irregularly  granulose  wall  structure  of  that  genus 
and  in  possessing  true  acanthopores. 

ORBIONYfcLLA    EXPANSA  (KingUolK^rg). 
m.X,  figs.  5-8. 
Cha-teUs  expanmtt  Kinpiielx'Tg,  Bull.  Buffalo  S«k'.  Nat.  Hist.,  V.  IKSfi,  p.  20,  pi.  2,  fip.  17. 

Original  dencription.—V oraXXuiw  spri'ading  in  an  irresular  ianiina.  Colls  sharply  angulatc,  of  various 
shapes  from  quadrangular  to  hexagonal;  partitions  thin;  margins  of  partitions  smooth  or  slightly 
erenate;  dentate  at  their  juncture.  The  ol)lique  rhomboid  wil  is  seen  wherever  a  regular  growth  took 
piacc.  Length  of  cells,  from  one-sixteenth  to  tiiree-sixt^nths  of  an  Inch;  about  ten  cells  to  one-eighth 
of  an  inch 

Through  the  kindness  of  Doctor  Ringucberg  the  writ<>r  was  enal)led  to  crompare  speci- 
mens with  the  type  of  the  species.  The  following  description  is  l)a.st^d  u|)o:i  the  type  and 
other  well-preserved  specimens  and  tliin  sectioi'is: 

Zoarium  of  lamellate,  opithecated  expansions  composted  of  one  or  nioiv  layers,  each  of 
which  is  usually  several  millimeters  in  thickneas.  Surface  smooth,  but  exhibiting  cxjnspic- 
uous  clusters  composed  of  zooecia  attaining  a  diameter  one  and  one-half  times  as  great  ils 
that  of  the  intennacular  zooecia.  Zooecia  polygonal,  thin  walled,  4  in  2  mm.,  counting 
from  the  center  of  a  macula,  or  6  of  the  ordinary  ones  in  the  same  space ;  when  well  pre- 
served, showing  minute  granulations  along  the  walls  and  small  acanthopores  usually  at 
the  an^es.  Mesopores  wanting.  Zooecial  tubes  thin  walled  in  the  short  axial  region, 
slightly  thickened  in  the  peripheral,  where  they  contain  a  rather  crowded  series  of  curved 
diaphragms,  three  usually  occurring  in  the  distance  of  a  tul>c  diameter. 

Tliis  species  resembles  (>.  lamelhsa  (Ulrich)  of  the  Richmond  of  Illinois  in  several  respe<-t5, 
but  the  smaller  zoavia  of  the  latter  (8  in  2  mm.)  distinguish  it  at  oncx\  All  of  the  asso- 
ciated lamellate  fonns  are  so  differtMit  that  comparison  is  not  necessary. 

Occurrence. — Uncommon  at  Ijockport,  Niagara  Gorge,  and  Uoche^ster,  N.  Y.,  and  at 
Grimsby,  Ontario. 

Catalogne  numbers,  35540,  35541,  U.  S.  National  Museimi. 
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Orbignyella  magnopora  n.  sp. 
PI.  X,  figs.  »-12. 

This  species  resembles  0.  exjxmsa  in  mode  of  growth,  consisting  of  an  explanate  expan- 
sion composed  of  one  or  more  layers  of  zooecia.  It  is  distinguished  even  with  the  naked 
eye  by  the  unusually  lai-ge,  thin-walled  zooecia,  of  which  there  are  3  to  4  of  the  intermacu- 
lar  zooecia  in  2  mm.,  while  ().  expansaf  although  a  large-celled  species,  has  thicker  walls 
and  6  zocecia  in  the  same  space.  The  surface  is  smooth  and  the  macula*  are  sometimes 
detected  with  difficulty,  the  zo<jecia  being  usually  quite  uniform  in  size.  WaUs  thin; 
acanthopores  and  mesopores  wanting.  Diaphragms  curved  and  developed  at  intervals 
averaging  their  own  diameter  apart. 

The  1  irge  zinrcia  will  distinguish  this  from  all  other  species  of  the  genus,  as  well  as  from 
associated  bryozoa. 

Occurrence'. — The  type-s  are  from  (irimsby,  Ontario,  but  the  spetncs  has  also  been  found 
at  Lockport  and  Rochester,  N.  Y. 

Catalogue  numbers,  3,5537,  35538,  35539,  U.  S.  National  Museum. 

Genus  MESOTRYPA  Ulrich. 

Species  of  this  genus  are  readily  recognized  by  the  discoid,  generally  free  zoarium,  with 
the  zocBcial  tubes  crossed  by  cur\'cd  diaphragms,  and  mesopv.rej  abundantly  developed 
and  closely  tabulated.  The  following  is  the  only  species  known  from  strata  younger  than 
the  Ordovician: 

MesoTRYPA    NIIMMI1^>RM1S  (Hall). 

ri.  X,  figs.  1-4. 

Callopora  nummiformis  Kali,  Nat.  Hist.  Now  Y'ork,  Pal.  II.  1852  p.  148,  pi.  40,  figs.  .'>,  a,  b. 
Callopordlaf  nummiformis  IMrich,  Gcol.  Survey  Illinois,  VII I,  1890,  p.  416. 
Diplotrypa  milleri  THrlch,  Jour.  Cincinnati  Soo.  Nat.  Hist.,  V.  1882,  p.  245,  pi.  11,  figs.  2-2c. 
Afrsotrypa  millrri  Nicklos  and  Basslor.  Bull.  V.  S.  (Jeol.  Survey  No.  173,  1900,  p.  312. 

Zoarium  discoid,  about  10  mm.  in  diameter  and  3  mm.  thick;  base  slightly  concave, 
covered  with  a  concentrically  wrinkled  epitheca;  celluliferous  side  convex,  smooth,  with 
maculas  composed  of  larger  zosecid  and  more  immerous  mesopores  distributed  at  intervals 
of  usually  3  mm.,  but  not  conspicuous.  Zocecial  apertures,  according  to  the  number  of 
mesopores,  polygonal  or  .subcircular  in  outline:  6  to  7  in  2  mm.  Zoopcial  tubers  cross<»d  by 
curved  diaphragms,  irregular  in  distribution,  varying  from  one  to  four  in  a  tul)e  diameter. 
Mesiipores  chxsi'ly  tabulftted.  numerous  in  the  younger  part  of  the  zoarium,  and  often  clos- 
ing up  as  the  surfaci;  is  approached.     Acanthopores  apparently  not  present. 

A  comparison  of  tlie  tyjx>  specimens  of  the  Rochester  shale  form,  Callopora  nummi- 
formia  Hall,  with  tliose  of  MesotryjMi  miUeri  (Ulrich)  from  the  corresponding  horizon  at 
Osgood,  Ind.,  shows  that  both  art;  founded  upon  the  same  species.  Among  the  associated 
fonns,  Orbignyella  expanm.  (Ringueberg)  has  curved  diaphragms,  but  the  explanate  growth, 
absence  of  mesopores,  and  larger  zocrcia  readily  distinguish  it.  The  only  associated 
discoid  species,  Ceramopora  imbriccUa  Hall,  is  otherwise  so  distinct  that  there  is  little  dan- 
ger of  confusing  the  two. 

Occurrence. — Rather  uncommon  in  the  Rochester  shale  at  Lockport,  Rochester,  and  other 
localities  in  New  York,  and  at  Grimsby  and  Thorold,  Ontario.  More  abundant  in  the 
Osgood  beds  at  Osgood,  Ind.,  where  ITIrich's  types  were  obtained. 

Catalogue  numbers,  3.'>.542,  35543,  35544,  U.  S.  National  Museum. 

F'a.iriily  in^rrKROTRA^I'ir)^*":  TJlrioli. 

Genus  STIGMATELLA  Ulrich  and  Bassler. 

Hitherto  this  genus  has  been  supposed  to  be  represented  only  in  the  Ordovician,  and 
therefore  the  discovery  of  a  Silurian  species  is  not  without  interest.     The  zoarium  is 
extremely  variable,  ranging  from  incrusting  to  massive  and  ramose,  although  each  particu- 
lar method  of  growth  is  constant  for  a  species.     The  particular  generic  character,  however, 
Bull.  292—06 3 
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other  than  the  heterotrypoid  wall  structure,  is  the  development  of  the  aoanthopores  in 
narrow  zones,  which  oox^ur  intennittently  in  the  zoariuni.  The  following  species  exhibits 
this  character  fairly  well,  although  not  so  markedly  as  in  some  of  the  Ordovician  forms. 

Stiumatella  olobata  n.  sp. 

PI.  XIV,  figs.  6-9. 

Zoarium  of  rounded  ma.sse8,  globular  where  growth  oc*rurred  about  a  small,  short  object, 
and  elongate  when  the  zoa*cia  covered  a  ramose  bryozoan  or  a  similar  long,  narrow  body; 
the  variation  in  length  of  the  longi^r  diameter  in  the  specinnsis  studied  ranging  from  10 
mm.  to  20  mm.  Zooecia  polygonal,  7  in  2  mm.,  thin  walled,  generally  in  contact.  Mcso- 
pores  few,  averaging  one  to  u  zoavium.  Acanthopores  small  and  moderately  numerous 
when  one  of  the  zones  is  cut  by  thin  sections,  but  otherwise  practically  wanting.  Dia- 
phragms few  in  both  zoce-cia  and  mesopores. 

The  most  noticeable  feature  in  vertical  st^ctions  is  the  development  of  acanthopores  in 
zones  averaging  0.35  mm.  in  length  and  (x-curring  at  intervals  of  1  mm.  A  zoarium  of 
some  size  is  therefore  made  up  of  a  number  of  such  intermittent  zones. 

The  ma.ssive  zoarium,  thin-walled  polygonal  zocecia,  and  the  occurrence  of  the  acantho- 
pores in  zones  will  ser>'o  to  distinguish  this  species,  although  care  must  be  taken  not  to 
confound  it  with  the  similar  zoaria  of  Diplolrypa  waUceri  and  Lioclema  glohuiare. 

Occurrence. — Not  uncommon  in  the  Rochester  shale  at  Liockport  and  Rochester,  N.  Y. 

Catalogue  numl)er,  35769,  U.  S.  National  Museum. 

In  point  of  species  this  is  the  most  prolific  family  represented  in  these  shales,  no  less  than 
fifteen  forms,  referred  to  five  genera,  IxMiig  found.  Most  of  the  species  afford  excellent 
thin  sections,  in  which  the  chief  character  of  the  family,  the  fused  walls  of  the  zocecia  and 
mesopores,  is  well  shown. 

Genus  BATaSTOMELLA  Ulrich. 

A  zoarium  of  slender,  smooth,  ramose  brancfios  with  siiiall,  rounded  or  oval  zoopcia, 
separated  by  more  or  Jess  numerous  mesopores  and  having  usually  very  numerous  acan- 
thopores, characterizes  this  genus.  The  meso[K)res,  however,  seldom  show  at  the  surface, 
since  with  age  they  Iwcome  filled  with  a  calcareous  tissue  and  the  surface  usually  shows 
only  solid  zocerial  interspaces  bearing  the  numerous  acanthopores. 

The  following  s|)ecies,  although  the  first  of  the  genus  in  tnatter  of  time,  is  very  similar 
to  the  Mississippian  ty|>es: 

BaTOSTOMELLA    (JRANrLIFEKA  (Ilall). 

ri.  XIII.  figs.  1  ;>;  ri.  xxiv.  n^s.  lo,  ii;  im.  xxv.  figs,  ii,  12. 

TrrmotOfiora  granulifera  Hall,  Nat.  Hist.  New  York.  I'al.  II.  1R52.  p.  1")4,  pi.  40A,  figs.  9a-«. 
Batostomrtla  gronvlifrra  Nickh^a  and  Bassler,  Hull.  l".  8.  (Jooi.  Siirvoy  No.  17:^  I'.XX),  p.  180. 
Batostomrlln  granulifrra  c;rahaiJ,  Bull.  Now  Vork  State  Mn.«-..,  No.  4.'".,  IWl,  p.  ir>4.  fig.  01. 

Zoarium  of  slender,  ramose;  branches,  usually  alnnit  2  nun.  in  diameter.  Surfa<'e  smooth, 
hirsute  because  of  tlie  nimierous  acantliopores.  Z(Krcia  rounded,  elongate,  8  in  2  mm. 
longitudinally  and  10  to  11  transverst»ly.  Mesopores  moderately  ulnindant,  u.sually  closed 
at  the  surface.  Acanthopores  numerous,  seven  on  an  avemge  surrounding  a  zoarium. 
Zooecial  tul)es  thin  walled  in  the  axial  region  and  thickened  in  the  jX'ripheral,  where  the 
acanthopores  and  mesopores  are  developed,  the  latter  closed,  as  the  surface  is  approached, 
by  a  deposit  of  tis.sue.     Diaphragms  absent  in  both  zoo^ria  and  mesopores. 

Several  associated  bryozoa,  notably  Acanthoclema  asjyerutn  (Hall)  and  Lioclema  ramy- 
losnm  n..sp.,  resemble  this  lormsujx^rficially.  Under  the  definition  ol  the  latter  their  differ- 
ences are  mdicated,  while  A.  asiierutn  may  Ik»  .separated  externally  by  its  smaller  branches 
and  different  arrangement  of  t  lie  zoopcia,  the.se  in  young  specmiens  being  arranged  in  quincunx 
lines  and  elongate-striate  in  old  examples.     Internally  the  two  are  of  course  quite  different. 
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Occurrence. — Very  abundant  at  Lockport,  Kochc^tcr,  Middleport,  and  other  New  York 
hR'alitieH;  (irimsby,  Hamilton,  and  Thorold,  Ontario.  Rare  in  the  Osgood  beds  at  Osgood, 
Ind. 

Catalogue  nunilier,  H5517,  U.  S.  National  Museum. 

(Jenus  BYTIIOPOUA  Miller  and  Dyvr. 

Tlie  oblique  apertures  drawn  out  anteriorly,  canaliculate  interspace's,  and  few  mesopores 
and  acantho|K)rcs  characteriz**  this  genus. 

Bythopoka  hpinuuksa  (Hall). 

IM.  XI 11,  figs.  6,  7:   PI.  .\.\l\  ,  figs.  12    \A, 

Trrmotopora  spinulom  Hull,  Nat.  Hist.  New  Y'ofa,  Tttl.  11.  ISo2,  p.  l.Vi,  pi.  40,\,  figH.  Ila-c. 
Bythopora  fipinuloxa  NickleNHtid  Basslcr.  MuU.  I'   S.  (Jeol.  Survey  No.  I<"3   llKXi.  p.  IM). 
Bythoporn  nptnnlom  Grahaii.  hull.  New  York  State  Miis.,  No  4;"».  1901,  p.  l«b  fig.  «4. 

This  little  form  is  easily  re<'ognized  by  it.s  narrow  cylindrical  branches  I  to  2  mm.  in 
diameter,  with  surface  smooth  except  that,  at  intervals  of  alxiut  0.5  mm.,  sharp,  conical 
projections  0.1  to  0.2  mm.  in  height  are  developed. 

ZocBcia  thin  walled  in  the  axial  region,  prtweeding  in  a  gradual  curve  to  the  surface,  where 
they  opi^n  obliquely;  walls  in  the  peripheral  region  considerably  thickened.  ApiTtures 
long,  oval,  the  posterior  end  somewhat  elevated,  7  or  8  in  2  mm.  measuring  lengthwise. 
Diaphragms  and  me^sopores  not  developed.  Acanthopores  wanting  unless  the  sharp 
pn)ji'ctions  of  the  surface  are  ol  the  nature  of  these  structures. 

Orfwrr^'/jr*'. —Common  at  Lockport,  Ro<'hester,  Lewiston,  and  Niagara  Falls,  N.  Y., 
Thorold,  Hamilton,  and  Grimsby.  Ontario. 

Catalogue  numlx»r,  85.516.  U.  S,  National  Museum. 

(Icnus  KKirxrrRYPA  Ulrich. 

This  long-lived  generic  type  is  well  represented  in  the  Rochester  shale  both  in  the  way  of 
species  and  in  the  comparative  abundance  ol  specimens.  The  characters  of  hndotrypa.  as 
baited  on  the  genotype  E.  mutabihi*  Ulrich,  a  Middle  Ordovician  sp<»cies,  are  ranios(»  zoaria 
having  more  or  le.ss  oblique,  thick-walled  zoopcia  with  diaphragms  most  clo.sely  set  in  the 
earlier  part  ol  the  short  mature  region,  a  variable  numl)er  of  me.sopores  with  numerous  dia- 
phragms, and  few  small  acanthopores.  The  Ordovician  species  usually  po.'vsess  all  of  the 
generic  characters  as  given  alx)ve,  but  those  from  later  formations  sometimes  diverge  widely 
from  the  generic  definitions.  K.  tdnata  (Hall)  possesses  the  typical  generic  characters  and 
evidently  is  a  survivor  ol  the  E.  mutabUis  group  of  species.  E  Apinom,  however,  differs  by 
developing  a  large  number  of  well-marked  acanthopores,  while  E.  nodvlom  and  E.  solid<i  vary 
in  another  direction  by  having  diaphiagms  in  neither  the  zoopcia  nor  mesopores,  these  three 
specMes  in  all  other  respects,  however,  being  true  members  of  the  genus.  This  same  variation 
is  exhibited  in  other  Silurian  and  Devonian  species  of  the  genus,  of  which  six  or  seven  have 
been  described,  and  .several  new  forms  have  been  found.  When  the  knowledge  of  the  genus 
is  more  complete,  it  will  probably  lw>  found  that,  although  essentially  the  same  general  type 
of  structure  pertains  to  all.  now  and  then  species  are  developed  with  characters  indicating 
relations  to  other  genera.  The  verucal  sections  of  E.  nodulom  and  Bythopora  \pinulosa 
(Hall),  as  figured  on  Pis  XI  and  XIll   aie  certainly  very  similar 

h^RiDOFRyPA  spiNOSA  n.  sp. 

PI   XI I.  figs    l-.i,  Pi.  XXV,  fig.  IS. 

This  fine  species  is  readily  distinguished  from  the  described  species  of  Eridotrypa  and 
irom  the  a.ssociated  .solid  ramose  bryo/.oa  by  its  large,  thick-walled  zocecia  and  very  numer- 
ous acanthopores.  The  /.oarium  is  of  ramose,  frequently  dividing  cylindrical  branches 
about  3  mm.  in  thickness  The  surface  ol  the  branches  is  smooth,  the  maculae  being  so 
iacoospicuous  as  to  be  detected  with  difficulty. 
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As  is  usual  with  species  of  this  genus,  the  zooeoial  apertures  vary  considerably  in  appeal^ 
ance  at  the  surface.  In  young  stages  the  apertures  are  elongate,  the  walls  slightly  raised 
posteriorly  and  often  confluent  with  those  of  the  next  zooeciura,  thereby  giving  a  striate 
appearance  to  the  branch.  With  age  the  apertures  become  more  direct  and  polygonal, 
the  walls  ridge-shaped  and  thickened,  and  numerous  blunt  acanthopores  appear.  In  the 
latter  condition  a  few  mesoporcs  are  observed,  these  usually  appearing  as  shallow  depres- 
sions between  the  zocecia.     Measuring  longitudinally,  4  zooecia  may  be  counted  in  2  mm. 

Thin  sections  bring  out  especially  the  large  number  of  acanthopoi-es  and  the  thick 
zooBcial  walls  characteristic  of  the  species.  They  also  show  that  the  tabulation  is  very 
much  like  that  prevailing  in  the  typical  Ordovician  species  of  the  genus,  namely,  that 
diaphragms  are  most  abundant  near  the  turn  from  the  axial  to  the  peripheral  region,  that 
they  are  present  but  less  numerous  in  the  axial  region,  and  that  they  arc  often  wanting  in 
the  out«r  part  of  the  peripheral  zone.  The  acanthopore?  are  very  large  for  the  genus  and 
are  most  frequently  arranged  in  rows  paralleling  the  length  of  the  branch.  Sometime-s  as 
many  as  fourteen  are  seen  surrounding  a  zooBcium,  although  eight  is  the  usual  numl)er. 
The  mesopores  are  irregularly  developed  and  are  of  various  sizes  and  shapes.  When  seen 
in  vertical  sections  they  show  the  usual  development  of  diaphragms.  Comparisons  with 
the  associated  and  somewhat  similai  species  E.  striata  (Hall)  at;c  given  under  the  description 
of  that  form. 

Occurrence. — Not  uncommon  in  the  Rochester  shale  at  Grimsby,  Ontario,  rare  at 
Lockport  and  Lewiston,  but  more  abundai>t  at  Rochester,  N.  Y.  Common  in  the  Osgood 
beds  at  Osgood,  Ind. 

Catalogue  numbers,  35521,  35522,  35739,  44128.  U  S,  National  Museum. 

Eridotbypa  nodulOv^a  n.  .sp. 
PI.  XI,  flgs  14,  15;  PI.  XXV  flgs.  13. 

Zoarium  of  small,  slender.,  cylindrical,  monticulated  branches  about  2  mm.  in  diameter, 
dividing  at  intervals  of  10  mm  or  more.  The  macula*  are  developed  soiiietiines  as  sharp 
tubercuies.but  usually  as  strongly  elevated  elongate  monticul<\s  which  by  their  confluence 
assume  an  annular  or  spiral  arrangement.  Zoa^cia  varying,  accordin*;  to  the  maturity  of 
the  specimen,  from  oval  oblique  in  young  examples  to  polygonal  in  olcier  .specimens.  A 
few  .small  acanthopores  are  sometimes  olxservcd  at  the  surface  and  mature  examples  show 
mesopores  to  l)e  present. 

Internal  characters  —Because  of  the  very  short  peripheral  region,  tangential  sections  are 
difficult  to  prepare  but  sections  of  a  very  old  example  .show  polygonal  zoa'cia.  large  and 
irregular  mesonores  and  small  acanthopores.  Diaphragms  wanting  ni  U)th  zocecia  and 
mesopores 

The  strongly  monticulated  zoarium  distinguishes  this  from  small  ramose  forms  associated 
with  it.  Tiematopora  luhfrculosa  has  a  similar  monticulated  zoarium,  Init  ha  branches  are 
considerably  larger  and  the  external  and  internal  features  are  totally  dilTerent,  as  a  glance 
at  the  figures  will  show 

Occurrence.— Hot  uncommon  at  Lockport  and  Rochester,  N.  Y. 

Catalogue  number.  35524.  U.  S  iNational  Museum. 

Eridotrypa  sou  da  (Hall). 

PI.  XII.  figs.  7-9,  PI.  XXIV   figa.  20-23;  PI.  XXV,  fig.  10. 

Tre.matopora  soUda  Hall.  Nat.  Hist.  New  York.  Pal.  II,  1852.  p.  153.  pi.  40A.  figs.  6a-e. 
Homotryjm  t  sotida  ISickies  and  Basslcr,  Bull.  V.  S.  Geoi.  Survey  No.  173  1900,  p.  293. 

This  is  one  of  the  largest  solid,  ramose  bryozoa  occurring  in  the  Rochester,  and  the 
thick  cylindrical  branches  varying  from  5  to  10  mm.  in  diameter,  together  with  the  smooth 
surface,  thm-walled  angular  zocecia,  and  few  mesopores,  distinguish  it  from  the  associated 
forms. 
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The  specimens  usually  found  have  elongate  polygonal  zocBcia  opening  at  the  surface 
somewhat  obliquely.  The  oldest  specimen  seen  shows  the  following  external  and  internal 
characters.  At  the  surface  the  zocecia  are  direct,  thin  walled,  polygonal,  in  contact  laterally, 
but  with  the  angles  occupied  by  shallow  mesopores.  Sections  show  that  the  zocecial  tubes 
are  thin  walled  and  flexuous  in  the  axial  region  and  but  slightly  thickened  in  the  very 
short  peripheral  zone,  where  a  few  mesopores  and  still  fewer  acanthopores  are  developed. 
Not  a  trace  of  a  diaphragm  has  been  observed  in  either  zocecia  or  mesopores.  Measuring 
lengthwise,  6  to  7  zocecia  in  2  mm. 

The  resemblance  of  this  species  in  several  respects  to  Homotrypa  confluens  Foersteo 
and  Homotrypa  similis  Foord  b  caused  Nickles  and  the  writer  to  refer  it  as  above.  The 
two  species  mentioned  have  thin  flexuous  walls  in  the  axial  region  and  a  short  peripheral 
zone,  both  of  which  are  characters  of  E.  solida^  but  they  differ  in  developing  a  short  series 
of  cystiphragms  and  diaphragms.  In  spite  of  this  difference  in  tabulation,  these  three 
species  have  much  in  common  and  future  investigations  may  show  that  Eridotrypa  and 
this  section  of  Homotrypa  are  more  closely  related  than  the  classification  now  shows.  E. 
solida  is  far  from  being  a  typical  Eridotrypa,  but  its  combination  of  characters  seems  to 
indicate  that  genus  more  than  any  other.  A  similar  species  is  Eridotrypa  appressa  Ulrich 
from  the  Hamilton  formation  of  Illinois  and  Iowa. 

This  specie^s  is  so  different  from  the  associated  members  of  the  genus  that  comparison  is 
not  necessary.  The  external  characters  have  already  been  pointed  out  and  vertical  frac- 
tures show  the  short  peripheral  region  and  absence  of  diaphragms  very  well  with  a  hand 
lens.  Specimens  are  often  found  crushed,  the  thin-walled  axial  region  apparently  not 
being  able  to  stand  much  pressure. 

Professor  Ilall  mentions  this  as  a  rare  form,  but  it  seems  to  be  quite  abundant  in  the 
collections. 

Occurrence. — Common  at  Lockport,  Rochester,  and  other  localities  in  New  York;  Grimsby 
and  Thorold,  Ontario. 

Catalogue  numbers,  35525, 35526,  U.  S.  National  Museum. 

Eridotrypa  similis  n.  sp. 
PI.  XII,  figs.  10-14;  PI.  XXVI.  figs.  1,  2. 

Zoarium  apparently  free,  consisting  of  a  short,  stout  basal  portion  obtusely  pointed  at 
the  lower  end  and  growing  upward  by  dichotomous  branching  into  six  or  more  cylindrical 
stems,  usually  about  5  mm.  in  diameter.  Surface  smooth,  the  macules  being  inconspicuous 
and  distinguished  by  having  slightly  larger  zocecia  and  more  numerous  mesopores  than 
usual.  Zooecial  apertures  direct,  varying  from  angular  to  rounded,  the  shape  depending 
upon  the  number  of  mesopores  present.  Walls  ridge-shaped  at  the  surface  and  hence 
appearing  thin,  but  in  thin  sections  they  are  seen  to  be  considerably  thickened.  Well- 
preserved  specimens  show  small  acanthopores  at  the  junction  angles  of  the  walls.  Meso- 
pores numerous  in  the  macula>,  where  they  isolate  the  zocecia,  elsewhere  usually  few  and 
plac«d  in  the  angles  l)etween  the  zocecia.     Five  to  6  zocecia  in  2  mm. 

The  external  as  well  as  internal  characters  of  thus  form  are  such  that  the  species  should  be 
recognized  with  little  difficulty.  In  the  immature  region  the  zocecia  are  thin  walled  and 
have  diaphragms  distributed  at  intervals  of  about  five  times  their  own  diameter.  In  the 
late  immature  and  early  part  of  the  mature  region  one  or  more  diaphragms  are  inserted 
and  are  placed  about  their  own  diameter  apart  when  more  than  one  are  present.  The  late 
part  of  the  mature  region  shows  no  diaphragms.  Compared  with  the  zocecia,  the  mesopores 
are  closely  tabulated,  for  here  the  diaphragms  are  arranged  about  their  own  diameter  apart 
throughout  the  tube  length.  Tangential  sections  show  that  the  zocecia  are  rounded  polyg- 
onal in  outline  and  that  each  is  surrounded  by  a  thick  ring-like  wall  composed  of  fine- 
grained sclerenchymatous  tissue.     The  mesopores  usually  have  no  distinct  investing  wall 


a  Geol.  Survey  Ohio,  VII,  1895,  p.  (XX). 

fcContrlb.  Micro-Pal.  Cambro-Sll.,  Canada,  1883,  p.  10,  pi.  2,  figs.  2-2d. 
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like  that  of  the  zocecia,  and  appear  as  mere  openings  between  the  zocBcia.  However, 
sections  through  the  mature  region  of  aged  specimens  (see  PI.  XII,  fig.  13),  in  addition  to 
rather  numerous  small,  granular,  knotty  acanthopores,  show  thick  walls  encircling  both 
zoGBcia  and  mesopores. 

The  zoarial  growth  of  this  interesting  species  Is  precisely  the  same  as  that  pertaining 
to  the  highly  characteristic  Trenton  bryozoan  Erid4)tnjjxi  briareus  (Nicholson).o  Internally 
the  two  species  are  also  similar,  but  the  slightW  larger  zocecia  and  larger  and  more  numerous 
acanthopores  of  the  Niagaran  species  will  serve  to  distinguish  them. 

Occurence. — A  dozen  or  more  specimens  were  found  at  Lockport,  Niagara  Falls,  and 
Lewiston,  N.  Y.,  Grimsby  and  Thorold,  Ontario. 

Catalogue  numbers,  35518,  35519,  35520,  U.  S.  National  Museum. 

Eridotrypa  striata  (Hall). 
PI.  XII,  flgs.  4-6;  PI.  XXIV',  figs,  ^-6;  PI.  XXV,  fig.  14. 

Trematopora  striata  Hall,  Nat.  Hist.  Now  York,  Pal.  II,  1852,  p.  153,  pi.  40,  fig.  7a-d. 
Trematopora  t  striata  firabau,  Bull.  New  York  State  Mus.,  No.  45,  1901,  p.  167,  fig.  66. 

The  specimens  described  and  figured  by  Hall  as  Trematopora  striata  prove  upon  exami- 
nation to  bo  the  basal  portions  of  a  species  of  Eridotrypa  found  rather  frequently  in  the 
Rochester  shale. 

As  usual  in  basal  expansions  or  on  old  examples  overgrown  by  a  layer  of  young  zooecial 
tulx}s,  the  zooccia  of  this  as  well  as  other  species  of  Eridotrypa  are  oblique  and  drawn  out 
anteriorly.  This  seems  to  be  a  more  permanent  character  in  E.  striata  than  in  other  species, 
and  suggested  the  specific  name. 

The  base  of  E.  striata  is  seldom  found,  the  more  abundant  specimens  being  fragments 
of  the  slender  branching  zoarium.  The  specimen  figured  on  PI.  XXV  is  typical  and  shows 
the  character  of  the  species. 

Internally  E.  striata  diflers  little  from  the  typical  species  of  the  genus.  Indeed,  in  all 
features  this  Niagaran  form  is  very  close  to  the  Ordovician  species  E.  mittabilis.  Compared 
with  associat<^d  bryozoa,  E.  striata  resembles  K.  spinosa,  but  the  smaller  zoarium,  smaller 
zofpcia  (6  in  2  mm.),  and  the  few  small  acanthopore,s  of  the  former  will  serve  to  distinguish 
the  two  forms. 

Occurrencr.  -Common  in  the  Rochester  shale  at  l»ckport,  Niagara  Falls,  and  Rochester, 
N.  v.,  and  at  Grimsby,  Ontario.     Also  ratlier  abundant  in  the  Osgood  beds  at  Osgood,  Ind. 

Catalogue  numUM-s,  35545,  44132,  U.  S.  National  Museum. 

Genus  LIOCI^MA  Ulrich. 

Although  this  genus  reached  its  highest  development  specifically  in  later  rocks,  the 
Rocliester  shale  affords  a  good  representation.  Individuals  of  the  various  species  found 
here  occur  usually  quite  frequently.  L.  asperam  and  L.  multiporunt  l>eing  particularly 
abundant,  L.  ramylosum  l)eing  not  uncommon  among  the  small  ranu)s<^  forms,  and  L.  erpUi- 
natuni  and  L.  circinrtum  occurring  least  often.  Some  of  these  have  a  wide  geographical 
distribution,  the  three  first  mentioned  occurring  al.so  in  Indiana. 

LlOCLEMA    ASPERUM  (Hall). 
PI.  XI.  figs.  1-3;   I'l.  XXIV.  fig.s.  14-10. 

Callopora  aspera  llall,  H&i.  llist.  New  York.  Pal.  II.  1852,  p.  147,  pi.  40.  figs.  4a-i. 
Liocicma  asperum  Ulrich.  Geol.  Survey  Illinois.  VIII.  1H90.  pp.  41(i,  425. 
Liodcma  aspera  (Jnibau,  Bull.  New  York  State  Mus.,  No.  45.  1001,  p.  105,  fig.  (>3. 

Zoarium  incrusting  foreign  bodies,  forming,  by  the  superposition  of  .several  layers,  round 
or  irregular  mass<\s,  or,  by  growth  upon  ramose  bryozoa  or  other  cylindrical  objects,  rounded 
branches.  Layers  varying  from  0.5  to  1.5  mm.  in  thickness;  surface  smooth,  but,  when 
well  preserved,  hirsute  from  the  abundance  of  acanthopores.  Macula;  of  slightly  larger 
zocecia  and  more  abundant  mesopores  but  not  a  conspicuous  feature. 

a  Chxtetes  briareus  Nicholson,  Geol.  Survey  Ohio.  Pal..  II,  1H75,  p.  '20^,  PI.  XXI,  figs.  l»-13b. 
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Zooecia  thin  walled,  6  in  2  mm.,  polygonal  to  rounded,  the  outline  depending  upon  the 
number  of  mesopores  intervening.  Mesopores  open  at  the  surface,  numerous,  and  because 
of  their  frequency  the  zocccia  are  seldom  in  contact.  In  the  maculie  often  three  rows  of 
mesopores  separate  adjoining  zocecia.  Acanthopores  large  and  numerous,  3  to  5  usually 
encircling  a  zooecium  and  often  indenting  the  zo<rcial  cavity,  thus  giving  a  petaloid  appear- 
ance seen  at  the  surface  and  in  sections. 

Internal  characters. — This  species  afl'ords  very  pretty  thin  sections,  the  tangential  especially 
so  when  showing  the  full  development  of  acanthopores  and  mesopores.  In  such  a  section  the 
acanthopores  arc  seen  to  be  large,  sometimes  as  much  as  0.1  mm.  in  diameter,  and  to  show 
the  central  canal  distinctly.  Zocecia  as  a  rule  0.20  nmi.  in  diameter  and  with  walls  slightly 
thicker  than  those  of  the  mesopores.  Vertical  sections  indicate  that  the  axial  region  is  short 
and  the  bend  to  the  peripheral  often  quite  abrupt.  With  the  inception  of  the  latter  region 
mesopores  are  developed.  Diaphragms  are  practically  wanting  in  the  zooecial  tubes,  but 
are  quite  abundant  in  the  mesopores,  being  placed  at  intervals  varying  from  one-half  to  a 
whole  tube  diameter.  Some  of  the  numerous  acanthopores  are  cut  by  vertical  sections 
which  show  clearly  the  internal  features  of  these  structures. 

The  incrusting  habit  of  growth,  smooth  surface,  size  of  zocecia,  abundant  and  unusually 
large,  conspicuous  acanthopores  and  numerous  mesopores  cause  this  species  to  be  easily 
identified.  The  only  fonn  with  which  it  might  be  confused  is  the  associated  and  very 
abundant  L.  multiporum,  but  the  latter  has  much  smaller  zocecia  and  unusually  numerous, 
small  mesopores  and  acanthopores  to  distinguish  it,  irrespective  of  the  different  internal 
structure.  Certain  forms  of  L.  asperum  resemble  the  two  lamellate  species  L.  cirdnctum 
and  L.  ejcplanatum.  The  similarity,  however,  is  only  in  method  of  growth,  the  other  specific 
characters  being  quite  different. 

Occurrence.— Abundunt  in  the  Rochester  shale  at  Lockport,  Rochester,  Niagara  Gorge, 
and  near  Lewiston,  N.  Y.,  and  at  Grimsby,  Ontario.  Not  uncommon  in  the  Osgood  beds 
at  Osgood,  I nd. 

Catalogue  numbers,  35504, 35505, 44124,  U.  S.  National  Museum. 

LlOCLEMA   EXPLANATUM  n.  sp. 
PI.  XIII,  figs.  8-10;  PI.  XXVI,  fig.  4. 

Zoarium,  a  laminar  expansion  composed  of  a  single  layer  varying  from  several  millimeters 
to  a  centimeter  or  more  in  thickness,  or  a  more  or  less  rounded  mass  formed  of  several  super- 
posed layers;  under  surface  concentrically  wrinkled;  upper  surface  celluliferous,  smooth, 
with  maculie  inconspicuous.  Zocecia  subcircular,  those  in  the  intermacular  spaces  averaging 
0.25  mm.  in  diameter  and  about  five  occurring  in  2  mm.  Mesopores  large,  rather  numerous, 
and  usually  i.solating  the  zocecia.  Acanthopores  small,  inconspicuous,  and  generally  seen 
only  in  thin  sections;  few  in  number,  an  average  of  two  to  a  zoarium,  although  sometimes 
as  many  as  four  may  be  present. 

The  principal  internal  characteristic  of  this  species  is  the  loose  tabulation  of  both  the 
zocecia!  tubes  and  the  mesopores  and  in  this  respect  L.  explanatum  differs  from  all  the  associ- 
ated forms  of  Liodema.  In  the  zotecia  the  diaphragms  vary  in  distance  from  each  other 
from  a  tube  diameter  to  three  or  more  times  that  dimension.  The  same  variation  is  exhibited 
in  the  mesopores,  but  because  of  their  narrower  diameter  these  appear  more  closely  tabulated. 

The  laminar  growth,  large  zocecia,  and  comparatively  few  and  small  acanthopores,  dis- 
tinguish this  species  externally  from  the  associated  forms  of  the  genus,  while  the  internal 
characters,  as  mentioned  above,  ar<'  quite  different  from  any  of  the  other  species.  Associ- 
ated laminar  species,  such  as  NicholsoneUa  Jlorida  (Hall),  will  not  be  confused  because  of 
their  floriform  apertures  and  solid  interzocecial  spaces.  Probably  the  closest  ally  is  L. 
aaperumf  but  the  different  tabulation,  larger  zocecia,  explanate  growth,  and  especially  the 
much  less  numerous  and  smaller  acanthopores,  are  points  of  difference. 

Occurrence. — Rochester  shale,  not  uncommon  at  Rochester,  N.  Y.  Osgood  beds,  rare  at 
Osgood,  Ind. 

Catalogue  number,  35503,  U.  S.  National  Museum. 
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IdOCLEMV   CIRCINCTUM  n.   Sp. 

PI.  XIII,  figs.  n-14. 

The  growth  of  this  beautiful  species  is  tlie  same  as  that  of  L.  explanatunij  consisting  of 
several  laminee  growing  upon  each  other  and  producing  an  expansion  several  centimeters  in 
diameter  and  three  or  four  millimeters  in  thickness.  CclhiHfcrous  surface  smooth,  under 
surface  covered  with  a  wrinkled  epitheca.  Zooecia  isolated  from  each  other  by  at  least  one 
row  of  numerous  small  mcsopores,  sometimes  by  two  or  three  rows,  while  in  the  macule 
four  or  five  rows  may  bs  found  separating  the  zooecia,  which  hero  are  a  trifle  larger  than 
usual.  Because  of  the  number  and  small  size  of  the  mcsoporcs  the  outline  of  the  zooecia 
varies  from  many  sided  to  approximately  circular,  the  latter  sliap?  occurring  more  frequently. 
An  average  zocecium  is  0.18  mm.  in  diameter;  C  in  2  mm.  Mesoporrs  small, polygonal,  as 
many  as  fourteen  sometimes  observed  bordering  a  zoopcium.  Acanthopores  apparently 
wanting.  Diaphragms  developed  at  intervals  of  a  tubo  diameter  or  loss  in  the  me^opores 
but  wanting  in  the  zooecia.  Tangential  s?ctions  when  viewed  under  a  high  power  show  the 
finely  granulosa  wall  structure  figured  on  PI.  Xlll. 

The  small  numerous  mosoporcs  isolating  the  zocecia,  absence  of  acanthopores,  and  explan- 
ate  zoarium  will  distinguish  this  fine  species.  L.  exjianatum,  although  similar  in  growth,  is 
readily  distinguished  by  its  acanthopores,  larger  zocecia,  larger  and  fewer  mesopores,  and 
different  tabulation  of  both  zoa?cia  and  mesopores.  The  other  species  of  the  genus  arc  so 
difi'erent  that  comparisons  are  hardly  necessary. 

Occurrence. — Rochester  shale,  rare  at  Lockport,  N.  Y. 

Catalogue  number,  35509,  U.  S.  National  Musaum. 

LlOCLEMA    MIILTIPORUM  U.  Sp. 
PI.  XI,  flgs.  4-6;  PI.  XXUI,  fig.  18:  PI.  XXVIl,  fig.  20. 

This  species  resembles  L.  asperum  in  habit  of  growth,  but  under  a  hand  lens  is  easily  dis- 
tinguished by  having  much  smaller  zoo^cia  and  an  uniis  lally  large  number  of  small  acan- 
thopores and  mesopores.  The  surfac..*  is  smooth  and  th.'  macula*  are  composed  chiifly  of 
mesopores.  The  zocecia  are  irregularly  rounded  or  floriforin  in  outline  because  of  the 
numerous  acanthopores  indenting  their  walls.  An  average  zou'ciujii  is  0. 17  mm.  in  diameter 
and  seven  zocecia  may  ho  counted  in  2  mm.  Mesopores  small,  two  or  three  rows  usually 
isolating  the  zocecia,  although  in  the  macuhe  s?ven  or  eight  rows  may  be  counted.  Acan- 
thopores small,  very  numerous,  seven  or  eight  often  encircling  a  zocecium,  and  many 
developed  among  tin;  mesopores. 

Internally  L.  midiiporum  exhibits  a  marked  difference  from  L.  asperum,  in  that  dia- 
phragms are  almost  entirely  wanting  in  both  zocecia  and  mesoport  s,  and  in  that  the  walls 
of  the  peripheral  region  are  consid.Tably  thickened.  Fossils  incrustod  by  this  species  often 
also  boar  expansions  of  L.  asperum,  and  such  specimens  exhibiting  the  two  forms  side  by 
side  show  the  specific  differences  very  clearly. 

All  of  a  small  lot  of  sp:»cimens  collected  at  the  same  locality  at  Koehester,  \.  Y.,  showed  a 
departure  from  the  usual  method  of  growth  in  that  their  zoaria  roso  into  dwarfed  branches. 
Here  apparently  the  conditions  were  such  as  to  allow  an  erect  zoarium  to  develop. 

Occurrence. — An  abundant  species  in  the  Kochest(»r  shale,  the  types  being  from  Lockport, 
but  Rochester,  Niagara  Gorgo,  and  near  Lewiston,  N.  Y.,  and  Hamilton  and  Grimsby, 
Ontario,  furnish  many  specimens.  Specimens  are  also  found,  although  more  rarely,  in  the 
Osgood  beds  outcropping  n.ar  VValdron,  Ind. 

Catalogue  numbers,  35501 ,  35502,  44122,  U.  S.  National  .Museum. 
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LlOCLEMA   RAMULOSUM  D.  sp. 
PI.  XI,  flgs.  11-13;  PI.  XXV,  figs,  9, 10. 
Probably  CaOopora  n.  s.  Hall,  Nat.  Hist.  Now  York,  Pal.  II,  1852,  pi.  40,  figs.  6  a.  b. 

This  neat  form  is  easily  distinguished  from  the  associated  species  of  Liodema  by  its  ramose 
habit  of  growth  and  few  but  large  acanthopores.  The  branches  are  cylindrical,  2  to  3  mm. 
in  diameter,  and  divide  at  intervals  of  about  10  mm.  Surface  smooth.  ZooBcia  thin-walled, 
elongate  polygonal  or  rounded,  averaging  0.20  mm.  in  length,  0. 12  mm.  in  yridth,  and  meas- 
uring lengthwise  7  in  2  mm.;  isolated  from  each  other  by  one  or  two  rows  of  open,  angular 
mesopores.  Acanthopores  few,  but  quite  conspicuous,  about  1  to  each  zooBcium  and 
arranged  with  a  certain  amount  of  regularity  among  the  mesopores.  ZooBcial  tubes  thin 
walled  and  somewhat  flcxuous  in  the  axial  region,  but  becoming  thickened  in  the  peripheral 
region.  Diaphragms  wanting  in  both  regions  of  the  zooecia  and  seldom  if  ever  developed  in 
the  mesopores. 

To  the  unaided  eye  this  species  is  identical  with  the  associated  Batostomella  granulifera 
(Hall),  but  with  a  hand  lens  the  two  are  easily  separated;  L.  ramulosum  by  the  open  meso- 
pores and  few  large  acanthopores,  and  B.  granulifera  by  its  very  numerous  acanthopores  and 
closed  masopores.     Internally  the  two  are  also  quite  different. 

Occurrence. — Not  uncommon  in  the  Rochester  shale  at  Lockport,  N.  Y.,  and  Grimsby, 
Ontario.     Rare  in  the  Osgood  beds  near  Waldron,  Ind. 

Catalogue  numbers,  35508,  44125,  U.  S.  National  Museum. 

LlOCLEMA    GLX>BULARB  n.  sp. 

PI.  XXVII.  ftgs.  18.  19. 

Zoarium  a  rounded  mass  about  10  mm.  in  diameter.  Zooecia  polygonal,  almost  circular 
when  the  mesopores  arc  more  numerous  than  usual,  larger  than  associated  species  of  Liodema, 
5  occurring  in  2  mm.,  and  the  average  diameter  being  0.30  mm.  Mesopores  small  but  some- 
times numerous  enough  to  isolate  the  zocecia.  Acanthopores  few  and  inconspicuous,  rarely 
seen  at  the  surface,  and  determined  with  certainty  only  in  thin  sections.  Diaphragms  want- 
ing in  the  zooecia!  tubes  and  developed  at  irregular  intervals  in  the  mesopores. 

Although  the  large  zocecia,  few  acanthopores,  and  globular  method  of  growth  will  serve 
to  distinguish  this  from  the  associated  species  of  Liodema,  still  care  must  be  exercised  to 
separate  it  from  Diptotrypa  vxJkeri.  In  growth,  size  of  zooecia,  and  number  of  mesopores, 
as  well  as  other  external  features,  the  latter  species  is  precisely  the  same,  but  thin  sections 
show  the  different  generic  relations.  In  D.  ivaJJceri,  however,  the  mesopores  have  straight 
walls  and  are  crossed  by  closely  set,  regularly  arranged  diaphragms,  while  the  walls  of  L. 
glahulare  are  indented  wherever  diaphragms  are  inserted,  thus  giving  a  beaded  appearance 
to  the  mesopore.  In  addition,  the  diaphragms  of  L.  globulare  are  irregular  in  shape,  num- 
ber, and  placement.  A  vertical  fracture  therefore  will  serve  to  distinguish  the  zoaria  of  the 
two  species,  L.  globulare  showing  no  diaphragms  in  the  zooecia  and  irregularly  spaced  dia- 
phragms in  the  beaded  mesopores,  and  D.  uxdkeri  exhibiting  diaphragms  in  both  zocecia  and 
mesopores,  closely  placed  in  the  latter. 

Occurrence. — Rare  in  the  Rochester  .shale  at  Lockport,  N.  Y. 

Catalogue  number,  35771,  U.  S.  National  Museum. 

LlOCLEMA    PECULIARE  U.  Sp. 

PI.  XXI IT,  figs.  19-22;  PI.  XXV,  fig.  13. 

A  number  of  specimens  of  Liochma  have  been  found  in  the  collections  from  Lockport  and 
other  Rochester  shale  localities  that  differ  from  the  associated  species  of  the  genus  particu- 
larly in  that  the  walls  of  the  zocecia  show  at  the  surface  a  row  of  small  crowded  granular-like 
acanthopores.  An  examination  with  a  hand  lens  will  thus  readily  determine  this  form,  but 
other  points  of  difference  are  the  thin-walled  zooecia  and  unusually  few  mesopores.  The 
following  description  is  believed  to  contain  the  more  important  characters. 
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Zoarium  incrusting,  species  of  Airypa  being  selected  most  often,  but  other  brachiopods, 
bryozoa,  or  trilobite  teats  also  observed  to  have  been  grown  upon  by  this  species.  These 
incrustations  are  generally  thin  and  seldom  consist  of  more  than  two  superposed  layers,  each 
averaging  0.6  mm.  in  thickness.  Surface  smooth,  macular  inconspicuous.  Zooecia  polyg- 
onal, 7  in  2  mm.,  with  thin  walls.  Me^oporos  usually  few,  seldom  numerous  enough  to  isolate 
the  zooecia.  Internally  as  well  as  externally  the  moat  striking  feature  is  the  crowded  row 
of  small  granules  or  acanthopores  which  occupy  the  zocecial  wall.  These  are  particularly 
well  shown  in  tangential  section  but  are  also  generally  to  be  seen  at  the  surface.  Acantho- 
pores of  the  size  and  shape  usually  seen  in  species  of  Lioclema  seem  to  be  entirely  absent. 

Occurrence. — Rochester  shale,  Lockport  and  other  localities  in  New  York.  Rare  in  the 
Osgood  beds  at  Osgood,  Ind. 

Catalogue  number,  35770,  U.  S.  National  Museum. 

Genus  LIOCLEMELLA  Focrste. 

Zooecial  structure  much  as  in  Lioclema  but  the  zoarium  consists  of  cylindrical,  fusiform  or 
branched  stems  pointed  at  the  base  for  articulation. 

LlOCLEMELLA    MACCOMB1  ri.  Sp. 
PI.  XI.  figs.  7-10;  PI.  XXV.  figs.  5-7. 

Zoarium  of  slender,  smooth,  unbranched,  cylindrical  stems,  1.5  to  2  mm.  in  diameter  and 
reaching  a  length  of  30  mm.,  pointed  at  the  pro.ximal  end  for  articulation  with  a  base 
attached  to  foreign  objects.  Short  examples  are  thickest  and  rounded  at  the  distal  extrem- 
ity while  long  specimens'have  their  greatest  diameter  about  the  middle  and  taper  gradually 
toward  each  end.  Zooecia  thin  walled,  angular,  6  in  2  mm.  Me^sopores  variable  in  number, 
generally  small  and  few,  but  sometimes  so  numerous  as  to  isolate  the  zocecia.  Well-pre- 
served mature  specimens  exhibit  small,  but  well-marked  acanthopores  occupying  the  junc- 
tion angles  of  the  zooecia.  Vertical  sections  show  that  the  zofpcial  tubes  proceed  to  the 
surface  in  a  gentle  curve  and  that  the  diaphragms  stH»m  to  be  restricted  to  the  axial  region, 
where  they  vary  from  one-half  to  two  tube  diameters  in  distance  from  each  other.  In  the 
mesopores  the  diaphragms  arc  about  their  own  diameter  apart.  Tangential  sections 
exhibit  the  small  acanthopores  occupying  the  junction  angles. 

Compared  with  described  species  of  FAochmeUa,  L.  maccomhi  resembles,  especially  in  mode 
of  growth,  L.fuMformis  (Whitfield)  and  /..  suhfusiformis  (James)  from  the  Richmond  forma- 
tion, and  /..  ohioensi.^  (Foerste),  a  Clinton  species,  but  difTers  from  each  in  having  decidedly 
larger  zooecia  and  few  mesopores.  When  complete,  the  shape  of  the  zoarium  distinguishes 
this  species  from  as.*;ociated  forms,  but  small  fiagments  sometimes  bear  a  great  resemblance 
to  similar  specimens  of  Etidotrypa  striata  (Hall).  The  latter  species,  however,  branches  fre- 
quently and  fragments  usually  show  a  bifurcation,  while  the  zocrcia  also  are  usually  quit* 
elongate.  Fragments  of  /..  maccomhi  do  not  branch,  usually  taper  slightly,  and  have  thin- 
walled  polygonal  zoan-ia. 

This  fine  species  is  named  in  honor  of  Mr.  George  T.  McComb,  of  Lockport,  N.  Y.,  who 
by  collections  has  generously  aided  the  writer  in  making  this  paper  as  complete  as  possible. 

Occurrence.  -Not  iinconnnon  in  the  washings  and  on  slabs  from  the  Rochester  shale  at 
L<Kkport,  Lewi.ston,  and  Niagara  Falls,  N.  Y.,  and  Grimsby  and  Hamilton,  Ontario.  Rare 
in  the  Osgood  beds  at  Osgood,  Ind. 

Catalogue  numbers,  35535,  3553G,  U.  S.  National  Museum. 
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l^amily  AMrLKIXOHORIDyK:  XTlrioH. 

Genus  RHOMBOTRYPA  ririch  and  Bassler. 

The  quadrate  shape  of  the  zocrcia  in  the  axial  region  is  especially  characteristic  of  this 
genus.     This  feature  is  best  observed  at  the  ends  of  the  branches. 

RllOMBOTRYPA    SPINULIFERA  n.  sp. 
PI.  X.  figs.  13-10;  PI.  XXV.  ng.  21. 

Zoariuni  small,  ramose;  branches  slender,  cylindrical,  about  3  mm.  in  diameter,  dividing 
at  intervals  of  10  mm.  or  more;  surface  smooth,  macula'  not  a  conspicuous  feature,  and 
composed  of  mesopores  and  of  zooecia  slightly  larger  than  usual.  In  mature  specimens  the 
zoa'cia  at  the  surface  are  thin  walled,  rounded  to  elongate  polygonal  in  outline  and  separated 
from  each  other,  sometimes  entirely  but  usually  only  laterally,  by  mesopores.  Mature 
specimens  also  show  small  acanthopores  rather  regularly  distributed  and  about  one  to  each 
zo<Kcium.  In  young  specimens  the  zocecia  are  rhomboidal  in  shape  and  arranged  regularly 
in  quincunx  line^. 

Tangential  sections  show  that  the  mesopores  are  quite  variable  in  numl^r  and  shape  and 
that  the  spines  of  the  surface  are  of  the  nature  of  true  acanthopores;  6  to  7  zocecia  in  2  mm., 
measuring  longitudinally,  and  transversely  10  to  1 1  rows  in  the  same  space.  Transverse 
sections  show  the  zooecia  to  be  quadrate  in  outline  in  !he  axial  region,  11  to  12  in  2  mm. 
In  the  axial  region  of  vertical  sections  the  zooeciul  walls  are  thin  and  become  but  slightly 
thickened  in  the  peripheral;  diaphragms  wanting  entirely  in  the  zocecia  and  very  few  in 
the  mesopores.  Vertical  sections  also  indicate  that  new  tubes  are  interpolated  at  approxi- 
mately the  same  level.  Vertical  fractures  also  bring  out  this  fact  by  showing  alternate 
zones  of  smooth  sides  and  of  rough  edges,  the  zooecial  tubes  exhibiting  in  the  first  instance 
the  flat  sides  of  their  walls,  and  in  the  latter  case  exposing  their  angles.  In  order  to  accom- 
modate new  zocecia  this  turning  about  of  the  tubes  in  the  axial  region  becomes  necessary 
because  of  their  quadrate  shape.  These  zones  of  turnings  are  concentric  and  occur  at 
intervals  of  al)out  0.7  mm. 

By  a  glance  at  the  quadrate  zooecia  exposed  at  the  end  of  a  branch  one  distinguishes  this 
neat  species  from  associated  small  ramose  forms.  The  presence  of  acanthopores  separates 
it  from  other  species  of  the  genus. 

Hitherto  this  typo  of  monticuliporoids  has  been  supposed  to  have  been  confined  to  the 
Richmond  formation,  the  type  of  the  genus.  R.  guadraia  (Rominger)  lx»ing  a  \evy  charac- 
teristic fossil  of  these  rocks.  The  discoveiT  of  the  species  just  descril)ed  in  younger  rocks 
is  therefore  of  con.siderable  interest. 

Occurrence.  Ra.iher  rare  in  the  Rochester  shale  at  Lockport,  where  the  type  specimen 
was  found,  and  at  Thorold,  Ontario,  but  not  uncommon  at  KtK-hester,  N.  Y.  The  species 
has  also  l)een  noted  in  comparative  abundanc(>  in  the  Osgood  beds  at  Osgood,  Tnd. 

Catalogue  numbers,  3559'1,  35595,  U.  S.  National  Museum. 

TT-amily  CX:)I^S'rp:i.L.J^IZIIDyS:  TJlrich. 

Genus  NICIIOLSONELLiV  Ulrich. 

The  following  two  species  are  apparently  the  last  representatives  of  this  genus,  which  is 
identified  for  the  first  time  in  the  Silurian  system.  As  might  be  expected,  l>oth  differ  in 
some  respects  from  the  typical  Ordovician  species,  but  the  general  aspeci  of  each  is  .such 
that  NichohoneUa  seems  the  only  genus  to  which  they  can  be  referred  with  some  certainty. 
Both  develop  the  p)eculiar  character  of  NichohoneUa,  namely,  that  with  age  the  walls  of 
the  mesopores  become  obscured  by  a  calcareous  deposit  filling  the  interzooecial  spaces. 
Indeed,  the  walls  of  the  zoa'cia  and  mesopores  have  an  indefinite  stnicture  throughout  the 
mature  region  that  is  in  marked  contrast  with  the  clear-cut  walls  of  Liodema,  to  which 
genus  both  species  had  formerly  been  referred. 
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NiCHOLSONELLA    FLORIDA  (Hall). 
PI.  XIV.  figs.  10,  U;  PI.  XXIV,  figs.  1,  2. 

CaUopora  fiorida  Hall.  Nat.  Hist.  New  York.  Pal.  II.  1852.  p.  146,  pi.  40.  figs.  2a-f. 

LeiocUma  fioridum  Ulrich,  Geol.  Survey  Illinois,  VIII,  1890.  pp.  416.  425. 

Lioclema  florida  Grabau.  Bull.  New  York  State  Mus.,  No.  45, 1901,  p.  165,  fig.  62. 

Lioclema  (?  Nickolsonella)  fioridum  Nlckles  and  Bassler,  Bull.  U.  8.  Gcol.  Sun'oy  No.  173, 1900,  p.  304. 

Zoarium  an  cxplanate  expansion  varying  from  3  to  10  mm.  in  thickness  and  sometimes 
attaining  a  width  of  50  mm.,  although  the  specimens  aie  usually  seldom  over  25  mm.  wide. 
Base  marked  with  a  wrinkled  epitheca.  Celluliferous  surfaces  without  monticules,  even, 
the  maculee  being  inconspicuous  and  composed  of  groups  of  zocccia  of  the  normal  size  but 
separated  by  interspaces  slightly  wider  than  usual.  Zooecia  large,  rounded,  two  to  three  in  2 
mm.,  and  on  an  average  slightly  less  than  0.5  mm.  in  diameter.  Apertures  floriform,  the 
acanthopores  inflecting  the  zooecial  walls  which  encroach  upon  the  zooecial  cavity.  Inter- 
zooecial  spaces  open  in  young  specimens  and  showing  one  or  t  wo  rows  of  mesopores  separate 
ing  adjoining  zooecia,  but  in  old  specimens  closed  with  a  solid,  granulose  deposit.  Acan- 
thopores large,  numerous,  averaging  four  or  five  to  each  zooccium,  and  inflecting  the  walls 
80  as  to  give  the  floriform  or  petaloid  appearance  to  the  zooecial  aperture. 

Internal  characters. — Carefully  prepared  vertical  sections  show  a  very  short,  immature 
region  in  which  the  zooecia  are  prostrate,  and  although  their  walls  are  of  a  clearer  structure 
than  that  obtaining  in  the  mature  zone,  even  here  their  indistinct  nature  is  clearly  shown. 
With  the  inception  of  the  mature  region,  the  lx»nd  to  which  is  quite  abrupt,  mesopores  and 
acanthopores  ai*e  developed.  Hero  the  wall  structure  already  noted  becomes  still  less  dis- 
tinct, and,  finally,  in  the  older  parts  of  the  zoarium,  the  wails  of  the  zooecia,  and  especially 
of  the  mesopores,  become  obliterated  by  a  deposit  of  granular  tis.sue.  Diaphragms  are 
inserted  in  the  zooecial  tubes  at  an  average  distance  apart  of  a  trifle  less  than  their  own 
diameter.  The  diaphragms  of  the  mesopores  are  at  a  like  distance  from  each  other,  but 
because  of  their  narrower  diameter  appear  more  crowded. 

As  is  usual  in  most  Trep>ostomata,  the  diapliragms  arc  more  abundant  in  the  later  than  in 
the  earlier  parts  of  the  mature  region.  The  acanthopores  of  this  and  of  the  following 
species  are  quite  difl'erent  from  the  normal  form  of  this  structure,  as  they  are  seen  in  vertical 
sections  to  be  simply  tubes  with  a  more  or  less  definite  wall  inclosing  a  central  clear  space. 
No  trace  of  the  usual  laminated  tissue  arranged  in  cone-like  layers  and  pierced  vertically  by 
a  central  canal  can  be  observed. 

Tangential  sections  present  various  appearances,  accordinjj;  to  the  portion  of  the  zoarium 
cut  by  them.  At  the  l)eginning  of  the  peripheral  repons  the  walls  of  the  zocpcia  and  meso- 
pores are  thin  and  although  hazy  in  structure  are  still  fairly  clear.  Here  the  acanthopores 
are  small  and  inconspicuous.  Higher  up  in  the  mature  region  the  walls  are  considerably 
thickened  and  the  acanthopores  have  increas<'d  in  .size  and  number.  Finally,  in  the  mo.st 
mature  or  aged  condition,  the  mterzooecial  space  is  occupied  by  a  granular  tissue  obscuring 
the  meso[>ores  and  through  which  the  acanthopores  pierce. 

The  large,  rounded,  isolated  zooecia,  floriform  apertures,  cIosihI  interspaces,  numerous 
acanthopores,  and  e.xplanate  growth,  are  characters  which  make  the  ulenhfication  of  this 
species  quite  easy.  The  closely  related  form  N.  nnrriithergi  n.  .sp.  is  distinguished  by  the 
presence  of  much  smaller  zoopcia.  Lioclema  explanatum  has  a  similar  method  of  growth  but 
the  smaller  zooecia  and  open  mesopores  are  points  of  difference  distingui.shed  by  the  unaided 
eye.  Internally  the  two  are  also  quite  different  as  their  respective  generic  references 
indicate. 

Occurrence. — Not  uncommon  in  the  Rochester  shale  at  Ix>ckport,  Rochester,  Niagara 
Falls,  and  Lewiston,  N.  Y.;  Grimsby  and  Thorold,  Ontario;  Osgood  beds,  Osgood,  Ind. 
Specimens  that  can  not  be  distinguished  from  the  typical  New  York  form  occur  in  the 
Silurian  strata  of  the  i.sland  of  Gotland. 

Catalogue  numbers,  35510,  35511,  U  S.  National  Museum. 
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INICHOLSONELLA   RINOUEBEROI  D.  Sp. 
PI.  XIV,  figs.  12,  13. 

The  various  collections  from  the  Rochester  shale  have  shown  half  a  dozen  specimens  of 
a  species  of  Nicholsonella  agreeing  with  the  associated  A^.  fiorida  in  method  of  growth  but 
differing  decidedly  in  the  size  of  the  zocecia  and  in  several  internal  characters.  This  form, 
for  which  the  name  NichdsoneUa  ringuebergi  is  proposed,  has  seven  zooecia  in  2  mm.,  a  fea- 
ture in  marked  contrast  with  N.  Jloriday  which  has  two  to  three  in  the  same  space. 
The  average  zooBcium  of  N.Jlorida  is  0.50  mm.  in  diameter,  while  that  of  N.  ringuebergi  is 
only  0.23  mm.  Internally  the  al>8ence  of  diaphragms  in  the  zocecial  tubes  will  further 
distinguish  the  prt?sent  spt^cies  from  the  associated  form. 

This  neat  species  is  named  in  honor  of  Dr.  E.  N.  S.  Ringueberg,  of  Lockport,  N.  Y.,  in 
appreciation  of  his  work  on  the  paleontology  of  the  Rochester  shale.  The  small,  floriform 
apertures,  many  acanthopores,  and  the  explanate  growth  will  readily  distinguish  this  from 
other  bryozoa  of  this  region. 

Occurrence. — Rather  uncommon  at  Lockport,  N.  Y. 

Catalogue  number,  35493,  U.  S.  National  Museum. 

Genus  IDIOTRYPA  Ulrich. 

Jdiotrppa  Ulrich,  Jour.  Cincinnati  Sw.  Nat.  Hist.,  VI,  1883,  p.  272. 

Idiotrj/pa  Miller,  North  American  GcoL  and  Pal.,  1889,  p.  310. 

Jdiotrypa  Uirich.  Gool.  Survey  Illinois,  VI 11.  189(),  p.  375. 

Jdiotrypa  Simpson,  Fourteenth  Ann.  Kept.  Stale  CJcol.  New  York  for  1894,  1897,  p.  501. 

This  genus  was  established  by  Ulrich  for  the  reception  of  a  single  species,  7.  parasiHcaf 
from  the  Osgood  l>eds  of  the  Niagaran  of  Indiana.  The  genus  was  supposed  to  differ 
fundamentally  from  all  trejxjstomatous  genera  in  that  the  zoarium  was  not  clearly  differ- 
entiated into  mature  and  immature  regions.  Further,  the  development  of  the  tabula?  at 
equal  distances  from  each  other  in  both  zooecia  and  mesopores  seemed  so  much  at  variance 
with  that  obtainiilg  in  the  monticuliporoids  as  then  known  that  the  systematic  position  of 
the  genus  appeared  more  doubtful.  The  peculiar  tabulation  Ulrich  held  to  be  essentially 
comparable  with  that  characterizing  Cumuiipora,  a  Cretaceous  genus  of  the  Chilostomata, 
which  agrees  further  with  IdiotryjHi  in  having  similarly  perforated  diaphragms.  Subse- 
quently this  author  recognized  the  true  affinities  of  the  genus  by  allying  it  with  Constellaria 
and  NichohonellaJi 

Jdiotrypa  jxiraffitica  occurs  rarely  at  the  Indiana  locality,  but  a  number  of  sp(>cimens 
identical  with  Ulrich 's  species  have  Ix'en  found  at  Lockport  and  other  New  York  localities. 
The  sections  figured  by  Ulrich  were  prepared  from  a  mature  example  in  which  the  peculiar 
tabulation  and  pores  are  developed  to  the  utmost.  These  sections  also  happened  not  to 
show  an  immature  region.  On  Pis.  XVII  and  XXIV  Ulrich  s  figures  and  also  other  views 
of  the  internal  charact^»rs  of  the  species  are  reproduced,  and  the  latter  especially  show 
that  the  genus  is  a  true  memlHT  of  the  Trepostomata,  differing  decidedly  from  other  genera 
of  this  suborder  only  in  development  of  diaphragm  in  both  zocecia  and  mesopores  at 
frequent  and  equal  distances.  The  structure  of  the  zooecia  and  mesopores  otherwise  is 
precisely  like  that  characterizing  tlie  Constellariidae  several  species  of  Nicholsonella  espe- 
cially showing  very  similar  pores  or  foramina  penetrating  the  walls  and  mesopores.  Indeed, 
the  genus  is  so  near  Nicholsonella  that  the  only  important  difference  seems  to  be  the  equal 
development  of  diaphragms  in  both  zooecia  and  mesopores. 


aGeol.  Survey  Illinois,  Vlll,  1890,  p.  376. 
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Idiotrypa  punctata  (Hall). 
PI.  XVH,  figs.  4-10;  PI.  XXIV,  figs.  17-19. 

Tremalopora  ff  punctata  Hall,  Nat.  Hist.  New  York,  Pal.  H,  1852,  p.  151,  pi.  40A,  figs.  4a-c. 
Idiotrypa  parasitica  Ulrich,  Jour.  Cincinnati  Soc.  Nat  Hist.,  VI,  1883,  p.  273.  pi.  13,  figs.  1-lc. 
Idiotrypa  parasitica  Simpson,  Fourteenth  Ann.  Rept.  Statfl  Geol.  New  York  for  the  year  1894,  1897.  p. 
591,  figs.  187-189 

As  indicated  by  the  above  synonymy,  Ulrich 's  Idiotrypa  paroffiiica  Is  identical  with  fiUtll's 
Trernalopora  ?f  punctata.  This  fact  could  not  be  established  with  certainty  by  comparison 
witli  the  published  descriptions  and  figures  of  Hall's  species,  but  a  study  of  thin  sections 
pri'parcd  from  the  original  type  of  T.  punctata,  left  no  doubt  in  the  writer's  mind  as  to 
their  identity. 

Mr.  Ulrich  has  given  a  caniful  description  of  his  species  and  the  portion  agreeing  with 
the  present  view  is  reproduced  below: 

Zoarium  consisting  of  parasitic  expansions,  of  variable  thickne8»es,  usually  attached  to  ramom 
bryozoa,  but  sometimes  growing  upon  other  foreign  bodies.  The  true  zooecla  have  circular  apertures, 
often  closed  by  centrally  perforated  open'ula.  of  an  average  diameter  of  one  one  hundred  and  twentieth 
of  an  inch,  surrounded  by  a  slightly  elevated,  tliin,  granulosc,  peristome.  They  are  arranged  with 
considerable  regularity  in  series,  in  which  from  eight  to  ten  may  be  counted  In  the  space  of  0.1  of  an 
inch.  The  intertubular  spaces  are  of  somewhat  variable  tliickne^s,  and  usually  appear  to  be  solid: 
occasionally,  however,  the  mouths  of  shallow  interstitial  depressions  may  be  observed.  The  spiniform 
tubuli  usually  do  not  constitute  a  conspicuous  external  feature. 

Tangential  sections  show  that  the  walls  of  the  true  ceils  are  marked  by  a  dark  circular  band,  equiv- 
alent to  the  peristome  surrounding  the  apertures.  Within  this  band  may  be  notic^ed,  besides  a  limited 
number  of  rather  thin-walled  spiniform  tubuli,  a  large  number  of  smaller  circular  structures,  usually 
provided  like  the  spiniform  tubuli,  with  a  very  minute  lucid  central  spot.  These  doubtless  represent 
the  granules  above  stated  to  occur  on  the  peristome  in  well-preserved  examples.  The  visceral  cavities 
of  all  the  cells  appear  to  be  more  or  less  filled  by  sclerenchyma.  This  is  due  to  the  fact  (shown  in 
vertical  sections)  that  the  horizontal  part.tions  are  thicker  at  their  junction  with  the  walls  of  the  tubes 
than  they  are  more  centrally,  the  cavities  left  between  tliem  being,  tlierefore,  of  lenticular  form.  Some 
of  the  true  zoujcia  show  a  central,  obscurely  circumscribed  area  that  may  represent  the  openings  of 
opercula  of  previous  layers.  These  sections  show  furtlier  that  whenever  tlie  l\orizontal  partitions 
are  brought  to  light  a  large  number  of  conoontrically  arranged  dark  or  lucid  spots  may  be  detected, 
which  in  the  true  cells  gradually  increase  in  size  toward  the  circumfercnct;. 

Vertical  sections  show  that  a  very  short  immature  zone  is  present  in  which  the  zocecial 
walls  are  thin  and  diaphragms  practically  wanting.  With  the  inception  of  the  mature 
zone  the  mesopores  develop,  the  wall  of  both  zoa^cia  and  mcsoporea  Ix^come  greatly  thick- 
ened, and  diaphragms  are  inserted  at  frequent  and  equal  intervals  in  each. 

IdiotryjHi  punctata  is  so  different  from  ull  assm'iated  bryozoa  that  confiLsion  with  other 
species  will  hardly  occur. 

Occurrence.—  Not  uncommon  in  the  Rochester  siiale  at  Lockport,  Uochester,  and  other 
New  York  localities.     Less  abundant  in  the  Osg(w>d  beds  at  Osgood,  Ind. 

Catalogue  numt)ers,  35406,  3.5497,  43674.  U.  S.  National  Museum. 

l"Vuriil.V   (^^J^I^()r»(>K,n3^K  TTlricli. 

(lenus  (\\LU)PORA  Hail. 

This  is  one  of  the  lM'st-<*haracterized  genera  of  trepostomatous  bryozoa.  -Its  species  are 
usually  represented  bv  an  abundance  of  specimens,  and,  having  a  wide  distribution  geo- 
graphitaiiy  and  a  limited  range  geologically,  are  good  horizon  markei*s.  The  diagnostic 
char«rt<>rs  of  the  genus  are  the  ramose  habit  of  growth,  the  rounded  or  angular  zooecia 
and  mon>  or  less  numerous  mesopores,  the  abs(;nce  of  acanthopores,  and  especially  the 
method  of  tabulation.  The  mesopores  are  always  closely  tabulated,  the  zooecia  less  so,  but 
have  the  diaphmgms  inserted  in  the  following  order:  With  the  inception  of  a  zoopcium 
numerous  diaphragms  are  developed  and  continue  in  the  same  abundance  until  the  tul>e 
has  rc^uhed  the  normal  size;  then  in  the  rest  of  the  a.xial  region  diaphragms  are  less  com- 
mon, indeed  sometimes  almost  wanting  entirely,  but  when  the  j>i'ripheral  zone  is  reached 
their  numlwr  increases  again.     Compared  with  other  genera  the  zocccia  attain  their  normal 
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size  slowly,  and  this  causes  a  transverse  section  to  show  two  well-defined  seta  of  tubes, 
the  lai^  set  circular,  representing  the  zooecia  of  normal  size,  and  the  small  of  angular, 
variously  shaped  cells  indicating  zocBcia  in  different  stagivs  of  development.  This  latter 
character  enables  one  to  distinguish  a  Callopora  by  merely  examining  the  end  of  a  branch 
with  a  lens.  The  size  of  the  matured  zocecia  and  the  shape  and  number  of  those  still 
developing  are  often  good  specific  characters. 

The  Silurian  species  of  Callopora  differ  from  the  numerous  Ordovician  forms  in  having 
unusually  large,  conspicuous  zocecia.  This  characteristic  pertains  to  all  of  the  Calloporas 
known  in  these  strata  with  the  exception  of  a  new  species  found  in  the  Clinton  at  Hamilton, 
Ontario,  which  is  of  the  Ordovician  O.  ramona  type.  For  the  purpose  of  comparison  these 
large-celled  forms  may  be  divided  into  two  groups,  the  first  typified  by  the  genotype 
C.  elegantula  Hall  and  the  second  with  C.  magjiapora  Foerstei  as  the  representative  form. 
The  first  group  is  characterized  by  lai^  rounded  zooecia  with  numerous  mesopori^,  and 
includes,  besides  C.  elegantula,  C.  perelegans  Hall  from  the  New  Scotland  beds  of  New  York, 
C.  nana  Nicholson  from  the  Wenlock  of  England,  and  a  few  undescribed  species  or  varie- 
ties closely  related  to  the  genotype.  Of  the  second  group,  only  C.  magnopora  has  l>een 
described.  C.  datuta,  a  new  specira  described  in  this  paper,  belongs  to  this  section,  while 
at  least  one  undescribed  form  is  known.  The  pecuharity  of  the  group  is  that  at  the  surface 
the  mesopores  are  reduced  almost  to  a  minimum,  the  zocecia  as  a  result  being  angular  and 
contiguous. 

Callopob.\  elegantula  Hall. 

PI.  XVir  0g8. 11-15;  PI.  XXVI,  fig.  12. 

OaUopora  eUgantula  Hall,  Nat.  Hist.  New  York,  Pal.  II,  1852,  p.  144,  pi.  40,  flgs.  la-m. 
CdUopora  elegantula  Ulrich,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  V,  1882,  p.  250,  pi.  11,  figs.  G-6b. 
Callopora  elegantula  Grabau,  Bull.  New  York  State  Mus.,  No.  45,  1901,  p.  167,  fig.  07. 

This  beautiful  species  well  deserves  to  be  the  type  of  the  fine  genus  Callopora.  The 
species  is  widely  distributed  geographically  and  is  easily  recognized.  Professor  Hall 
figured  the  macroscopic  characters  quite  fully  and  later  Mr.  Ulrich  gave  views  of  the  internal 
structure.     The  following  description  sums  up  the  specific  characters: 

Zoarium  ramose,  of  frequently  branching  stems  3  to  5  mm.  in  diameter;  surface  smooth, 
the  maculae  distinguished  by  the  presence  of  zocecia  slightly  larger  than  the  average  and 
of  mesopores  more  abundant  than  usual.  Zocecia  thin  walled,  rounded,  4  to  5  in  2  mm., 
separated  by  a  variable  number  of  angular,  thin-walled  mesopores,  which  are  often  numer- 
ous enough  to  isolate  the  zooecial  tubes.  ZocEcial  apertures  closed  in  the  perfect  state  by 
ornamented  covers  or  opercula  having  a  central  circular  perforation  with  a  diameter  about 
two-fifths  that  of  the  zooBcia.  Six  to  eight  well-marked  ridges  distributed  at  equal  distances 
from  each  other  radiate  from  the  central  opening  to  the  margin. 

Tangential  sections  bring  out  the  circular  thin-walled  zocecia  separated  by  the  numerous 
angular  mesopores  of  variable  size  and  shape.  Because  of  the  numerous  mesopores  the 
dark  divisional  line  between  adjoining  zocBcia  is  seldom  oliserved.  The  striking  feature  of 
vertical  sections  is  the  difference  in  tabulation  between  the  zooBoial  tubes  and  the  meso- 
pores. In  the  early  stages  of  the  zooecia  the  diaphragms  are  closely  set  and  continue  so 
until  the  tube  has  reached  the  normal  diameter.  Then  diaphragms  are  insert-cd  at  intervals 
of  about  a  tube  diameter  until  the  peripheral  region  is  reached,  when  they  become  more 
abundant  again.  Tlie  mesopores,  which  are  developed  only  in  the  peripheral  region,  are 
closely  tabulated,  two  diaphragms  usually  occurring  in  a  space  equaling  the  mesopore's 
diameter.  The  tabulation  of  the  mesopores  and  of  the  early  part  of  the  zocecia  is  identical 
and  it  is  probable  that  these  two  regions  were  occupied  by  similar  zooids.  Transverse 
sections  show  the  usual  two  sets  of  zocBcia,  the  one,  large  and  rounded,  representing  the  zooecia 
that  have  reached  the  normal  size,  and  the  other,  small,  unequal,  and  angular,  representing 
the  younger  zooecia  in  various  stages  of  development. 

No  difficulty  will  be  experienced  in  separating  Callopora  elegantula  from  all  ass<»ciated 
bryozoa,  the  small,  rounded  stems  with  large,  circular  zooecia  and  numerous  mesopores 
IPftking  the  species  easy  of  recognition.    The  new  species  next  described  as  C.  clausa  has 
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a  similar  method  of  growth,  but  the  few  mesopores  and  polygonal  zocecia  distinguish  it 
without  coasidering  the  different  internal  ciiaracters.  The  representative  of  G.  eUffanttda 
in  Europe  seems  to  be  the  form  described  by  Nicholson  in  1884  from  the  Build  was  beds 
of  the  Wenlock  as  CaUopora  nanaM  Indeed,  the  two  species  are  so  closely  i elated  that  the 
writer  can  not  point  out  any  satisfactory  means  of  distinguishing  them.  Internally  the 
two  are  alike  and  externally  the  only  difference  noted  is  that  the  average  diameter  of  the 
zoarial  branches  of  C.  elegantvla  is  about  twic«  that  of  the  European  species.  Tliis,  how- 
ever, is  a  minor  character  and  further  investigation  will  probably  show  that  C.  nana  can 
scarcely  be  regarded  as  more  than  a  variety  of  C.  eUgantula. 

Occurrence. — Very  ai>undant  in  the  Rochest<»r  shale  at  Rochester,  Lockport,  Niagara 
Falls,  and  other  localities  in  New  York,  and  at  Grimsby,  Flamilton,  and  Thorold,  Ontario. 
Also  abundant  in  the  Osgood  beds  of  the  Niagaran  at  Osgood  and  Waldron,  Ind.  The 
species  is  also  found  in  Niagaran  strata  at  numerous  points  in  the  Mississippi  Valley. 

Catalogue  numbers,  36534,  35533,  44129,  35528,  U.  S.  National  Museum. 

Callopora  (.'lausa  n.  sp. 
PI.  XV,  figs.  9-12. 

This  neat  little  species  agrees  with  C.  elegantuln  in  growth  and  general  characteristics, 
but  differs  in  the  following  respects:  Mesoport»s  are  almost  entirely  wanting  at  the  surface, 
the  few  that  are  present  l)eing  usually  restricted  to  the  maculie.  As  a  result,  the  zocecia 
are  polygonal  in  outline  and  contiguous.  Internally  0.  clauj<a  may  be  distinguished  from 
C.  elegantvla  by  the  more  abundant  diaphragms  in  the  zoo^cial  tubes,  these  being  atx>ut 
twic«  as  numerous  in  both  the  axial  and  ptTipheral  regions.  Vertical  sections  show  that 
mesopores  develop,  as  usual,  with  the  inception  of  the  peripheral  region,  but  close  before 
tlie  surface  is  reached.  The  zooecial  walls  are  greatly  thickened  in  the  peripheral  region 
by  a  dense  deposit  of  tissue  and  in  tungential  sections  the  walls  are  seen  to  vary  in  thick- 
ness from  one-half  to  two-thirds  the  diameU^  of  the  zooecial  tulH»s,  although  at  the  surface 
the  walls  appear  (juite  thin,  becau.se  here  only  their  crest  or  summit  is  seen. 

C.  clausa  is  probably  more  closely  related  to  ( '.  vui<jno}X)ra  than  to  the  genotype,  but  the 
size  of  the  zoariuin  and  the  tabulation  of  the  zoiecia  are  so  dilTerent  that  the  two  will 
hardly  be  confused.  Tlie  zoariuin  of  small,  eylindrii'al,  smooth  branches,  3  I*)  4  ram.  in 
dianiet<»r,  th(^  large,  angular  zoauia.  4  to  5  in  2  mm.,  few  nu'sopores,  and  internally  the 
numerous  diaphnigms  in  both  zo«eeia  and  mesopores  are  the  sf)e<'irie  characters  of  this 
interesting  form. 

Occurrence.  —Rather  uncommon  in  the  Koche^ster  shaU^  at  Lwkport  and  Rtx'he^ter,  N.  Y., 
and  Grimsby,  Ontario.  S<*veral  .specimens  were  also  ohtamed  in  the  Osgood  beds  at 
OsgcKKl,  Ind. 

Catalogue  numbi^rs,  44130,  355.S1.  355:30,  U.  S.  Naticmal  Museum. 

Calloi»ora  maonopora  Foerste. 
I»l.  XV,  figs.  \-K  I»l.  XXVI,  Op.  3. 

Callopora  magnctpom  P'oerste,  Bull.  Sci.  Liib.  Denlson  Univ.,  11,  1S.S7,  p.  173;  III.  pi.  16,  fig. 5. 
Callopora  magnopora  Foerste,  deol.  Survey  Ohio,  V'll,  I^9.'),  p.  CW,  pi.  29,  fig.  i>. 

This  species,  which  is  not  uncommon  -in  the  Clinton  of  Ohio,  seems  to  be  absent  in  the 
corri»sponding  strata  of  New  York,  where,  however,  it  reappears  in  the  succeeding  Rochester 
shale.  Foerst^'s  figures  and  description  are  inadequate,  and  the  following  description  is 
based  upon  specimens  received  from  that  author. 

Zoarium  more  or  less  irregular!}^  ramose,  the  branches  sometimes  being  subcylindrical 
and  regularly  dividing  but  often  consisting  of  gnarled  stems  irregular  in  shape:  diameter 
of  branches  varying  from  5  to  12  mm.  or  more,  but  averaging  7  or  8  mm.  Surfaee  smooth, 
maculae  of  larger  zooecia  than  those  of  the  intemiacular  spaces,   but  not  conspicuous. 


a  Ann.  and  Mag.  Nat.  Hist.  (5),  XIII,  1884,  p.  120,  pi.  7,  figs.  4-4b. 
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ZocBcia  lai^er  than  is  iisual  in  species  of  this  genus,  with  subangular  apertures  and  mod- 
erately thin  walls,  an  average  of  4  in  2  mm.  Mesopores  usually  small  and  comparatively 
few  at  the  surface,  larger  and  more  abundant  at  deeper  zones  in  the  zoarium.  Opcrcula 
closing  the  zocecia  not  observed  at  the  surface,  but  detected  in  tangential  sections. 

Internal  characters. — Tangential  sections  exhibit  considerable  variation  in  the  size  and 
shape  of  the  zooecia  and  the  size  and  number  of  the  mesopores.  The  reason  for  this  is 
seen  in  vertical  sections.  Commencing  with  the  mature  region,  more  or  less  numerous 
mesopores  are  developed  and  these,  a.s  the  surface  of  the  zoarium  is  approached,  are  seen 
to  become  gradually  smaller  and  less  numerous  and  often  pinched  out  altogether  at  the 
surface,  the  zocecial  diameter  consequently  becoming  greater.  A  tangential  section  there- 
fore passing  through  the  early  part  of  the  peripheral  region  will  show  numerous  mesopores 
and  rounded  zocecia,  while  one  taken  just  below  the  surface  of  the  zoarium  exhibits  few 
and  small  mesopores  and  larger,  angular  zooecia.  In  each  case,  however,  because  of  this 
relation  l>etween  the  zocecia  and  mesopores,  the  number  of  zocscia  in  a  given  space  is  the 
same,  even  though  they  vary  m  diameter. 

The  surest  guide  for  the  identification  of  C.  magnopora  is  the  vertical  section  where  the 
tabulation  of  the  tubes  is  exhibited.  All  of  the  many  specimens  and  sections  examined 
indicate  that  the  tabulation  is  the  most  constant  feature  of  this  as  well  as  all  the  other 
species  of  the  genus.  The  zocecial  tubes  are  closely  tabulated  at  their  inception,  this  tal>- 
ulation  continumg  until  the  normal  diameter  of  the  zocecia  has  been  reached.  Then 
diaphragms  are  absent  altogether  until  the  peripheral  region  is  reached,  and  here  they  are 
uncommon,  only  one  or  rarely  two  Iwing  mserted  ni  each  tube. 

The  large  zoarium  and  the  peculiar  tabulation  of  C.  magriopora  is  so  different  from  other 
species  of  the  genus  that  comparisons  are  scarcely  necessary.  Vertical  fractures  when 
moistened  and  examined  under  a  lens  show  the  characteristic  tabulation  so  well  that  sec- 
tions are  not  a  necessary  adjunct  for  the  identification  of  the  species.  The  identification 
of  the  species  in  the  Rochester  shale  is  based  upon  a  single  example  from  Grimsby,  Ontario. 
Tliis  specimen  is  a  well-preserved  sut)cylindrical  branch  35  mm.  in  length  and  10  mm.  in 
diameter.  The  external  characters  are  the  same  as  m  the  typical  Clinton  specimens  and, 
as  our  figures  here  given  will  show,  the  internal  features  of  the  two  are  identical. 

Occurre/ice.— Abundant  in  the  Clinton  formation  at  Dayton,  Centerville,  and  other  local- 
ities in  Ohio.     Rare  in  the  Rochester  shale   at  Grimsby,  Ontario. 

Catalogue  numbers,  35532,  44131,  U.  S.  National  Museum. 

I^amily    TKEMATOIPORir)^*:    XJlrich. 
Genus  TRENL\TOPORA  Hall. 

Ulrich  has  shown  in  his  ''American  Paleozoic  Bryozoa"  that  of  the  numerous  species 
referred  to  this  genus  by  Hall  only  a  few  are  congeneric  with  the  common  Rochester  shale 
form,  T.  tuberculosa,  the  first  .species  following  the  generic  definition.  The  genus  and 
species  have  been  well  defined  by  Ulrich  in  the  work  cited  above,  and  the  following  descrip- 
tion is  but  an  adaptation  from  this  author,  the  numerous  specimens  and  thin  sections 
showing  no  additional  features. 

Trematopora  has  many  characters  in  common  with  the  prolific  Ordovician  genus  Batostoma 
and  is  probably  the  Silurian  repre^sentative  of  the  latter.  The  general  internal  structure  of 
the  two  genera  is  similar,  but  the  few  diaphragms  in  the  zoopcia,  beaded  mesopores,  rounded 
zocecia  with  more  or  less  well-developed  peristomes  and  comparatively  small  acanthopores, 
and  the  sohd  interspaces  are  characteristic  of  Trematopora. 

Trematopora  tuberculosa  Hall. 

PI.  XIII,  Hks.  15.  16;  PI.  .KVll.  fig.  i  3;  PI.  XXV.  Hg.  8. 

Trematopora  tuberculosa  Hall,  Nat.  Hist.  New  Vork,  Pal.  11.  1H.')2,  p.  149.  pi  40A.  figs.  la-g. 
Trematopora  tuberruiom  ('Inch.  Jour.  Cincinnati  Sw.  Nat.  HiJ«t.,  VI.  188:j,  p.  259,  pi.  13,  figs.  2-2b. 
Trematopora  tuberruiom  (Jrahau,  Bull.  New  York  State  Mus.,  No.  45,  1901,  p.  166,  fig.  65. 

Zoarium  of  irregularly  ramose,  solid,  often  flattened  branches,  an  average  specimen 
being  5  or  6  mm.  wide  and  3  or  4  mm.  in  thickness.    Surface  studded  usually  with  low 

Bull.  292—06 4 
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rounded  monticules,  3  to  3.5  mm.  apart,  measuring  from  center  to  center;  sometimes), 
however,  the  maculae  are  developed  as  sharp  or  elongate  tubercules.  Zooecial  apertures 
oval,  6  to  7  in  2  mm.  measuring  lengthwise,  with  more  or  less  elevated  peristomes,  each 
bearing  two  or  three  rather  large  and  conspicuous  acanthopores.  Interzocecial  spaces 
solid  and  somewhat  depressed,  the  mesopores  l)eing  closed  at  the  surface  by  a  pellicle-Iike 
covering.  Mesopores  few  to  numerous,  the  zooecia  sometimes  being  in  contact  but  more 
often  separated  from  each  other  by  a  distance  varj'ing  from  one-half  to  their  entire  diameter 
apart. 

The  fully  matured  region  of  most  specimens  is  so  short  that  good  tangential  sections  are 
difficult  to  prepare.  A  section  passing  through  the  zooecia  just  below  the  surface  shows 
that  they  are  oval  and  marked  by  rather  thick  ring-like  walls  within  which  acanthopores 
are  developed.  The  mesopores  are  angular  and  thin  walled,  but  often  the  section  passes 
througli  the  covering  of  the  mesopores,  in  which  case  the  walls  are  not  visible,  but  the 
interzooecial  spaces  are  occupied  by  a  fine  tissue  perforated  by  more  or  less  numerous 
granular-like  structures.  In  deep  tangential  sections  the  difference  between  zoofcia  and 
mesopores  is  so  small  that  they  are  distinguished  with  difficulty,  each  having  thin  walls 
and  being  about  equal  in  size. 

Vertical  sections  present  the  following  characters:  In  the  axial  region  the  zoo^ia  are 
large  with  very  thin  walls  and  no  diaphragms.  With  the  inception  of  the  peripheral  region 
the  walls  are  slightly  thickened,  and  mesopores  and  acanthopores  are  developed,  th^iani- 
eter  of  the  zooecia  being  lessened  by  the  introduction  of  the  mesopores.  The  zooecia  in 
this  region  usually  show  no  diaphragms,  one  or  two  rarely  being  developed  in  e-ach  tube, 
but  the  mesopores  exhibit  them  in  comparative  abundance.  The  mesopores  also  give  a 
beaded  appearance,  being  constricted  at  intervals,  diminishing  from  the  interior  toward 
the  surface  and  each  constriction  being  marked  by  a  diaphragm.  The  last  diaphragm  has 
the  minutely  perforated  laminated  tissue  developed  upon  it  which  closes  the  mesopores  at 
the  surface,  but  other  diaphragms  in  the  same  tulx$  are  often  thickened  with  the  same 
tissue,  although  usually  not  to  the  extent  obtaining  at  the  surface. 

The  solid  tuberculated  branches  with  small  zo(rcia  surrounded  by  peristomes  bearing 
rather  conspicuous  acanthopores  and  with  dosed  interspace's,  make  Trematojtora  tuberculoma 
an  easily  recognizt»d  species.  The  other  specious  of  the  genus  are  so  diU'erent  that  comparison 
is  unnecessary.  There  is  no  associated  hryozoan  with  which  this  species  "tnight  be  con- 
fused, save  possibly  Eridotrijjxi  nodulosa,  which  has  a  similar  growth  and  strongly  tuber- 
culated surface.  The  zoarium  of  the  latter  species,  however,  is  smaller,  the  zocpcia  have 
neither  peristomes  U'aring  acanthopores  surrounding  tlulm  nor  solid  interspaces,  while 
internally  the  structure  of  the  two  is  (juitc  different. 

Occurrence. — Very  abundant  in  the  Rochester  shale  at  L<K*kport,  Ijewiston,  Niagara 
Gorge,  and  elsewhere  in  New  York  and  at  Grimsby  and  Thorold,  Ontario.  Rare  in  the 
Osgood  IkhIs  at  Osgood,  Ind. 

Catalogue  numbers,  43018,  3.5573,  35515,  44427,  U.  S.  National  Museum. 

Trematopora  wiiiTKiELDi  Ulricli. 
PI.  XXIII,  nps.  16.  17;  m.  XXVII.  figs.  10.  17. 
Trrmatopora  whitfirHi  Ulrich.  Jour.  Cincinnati  Sew.  Nat.  Hist.,  VI.  IHKh  \u  262.  pi.  13,  Rgn.  4,  4a. 

In  the  Waldron  shales  of  Indiana  may  lx»  found  numerous  specimens  of  a  small  ramose 
bryozoan,  which  has  been  descrilx^d  by  Ulrich  under  the  above  name.  A  few  examples 
identical  in  all  respect^s  with  the  w(\stcrn  form  occurred  in  the  collections  from  the  Rochester 
shale.  Ulrich *s  original  description  covers  the  specific  characters  fully,  and,  with  slight 
changes,  is  given  Inflow. 

Zoarium  .slender,  raiiu>s(»,  branches  sm(M)th,  with  an  average  diameter  of  2.5  mm.,  and 
dividing  dichotomously  at  intervals  of  10  nun,  more  or  less.  Tnie  zoopcia  subequal  with 
elliptical  ai)ertures.  surrounded  by  thin,  more  or  loss  distinct  |HTistomes,  and  uniformly 
arranged  in  diagonally  intersecting  series  over  the  cnlin*  surface.     In  these  7  to  8  zooecia 
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occupy  the  space  of  2  mm.  The  longer  diameter  of  their  aperture  is  about  0.20  mm.,  while 
the  shorter  or  transverse  diameter  averages  about  0.15  mm.  The  interstitial  cells  are 
numerous,  usually  completely  isolating  the  true  zocecia.  Their  apertures  vary  in  depth 
in  different  specimens,  being  in  some  not  readily  distinguishable  from  the  true  zooecial 
orifices  and  in  others,  on  account  of  the  interstitial  membrane,  scarcely  detectable,  l)eing 
indi(*ated  only  by  shallow  depressions  between  the  peristomes  of  the  true  cells,  which  might 
lx»  overlooked  by  a  careless  observer.  Well-preserved  examples  show  a  number  of  small 
spiniform  tubuli,  whose  position  is  usually  on  the  peristomes. 

Tangential  sections  show  that  the  true  zo<Bcia  are  elliptical  in  cross  section,  that  their 
walls  are  slightly  thickened  by  a  secondary  deposit  on  the  inside,  and  that  they  are  almost 
invariably  completely  isolated  by  a  series  of  interstitial  cells.  These  are  angular,  thin 
walled,  and  often  larger  than  the  true  cells.  A  few  spiniform  tubuli  may  be  detected,  but 
not  readily,  on  account  of  the  many  particles  of  pyrites  of  iron,  which  always  obscure  to  a 
greater  or  less  extent  the  minute  internal  characters  of  the  bryozoa  from  the  Waldron 
locality. 

Longitudinal  sections  show  that  the  true  zoopcia  are  entirely  without  diaphragms.  The 
peripheral  re^on  is  very  narrow,  and,  near  the  surface,  always  one  and  often  two  interstitial 
tube^  separate  the  true  zooecia.  The  interstitial  tulxw  are  usually  crossed  by  but  a  single 
diaphragm,  which  is  placed  about  midway  between  their  point  of  origin  and  the  apertural 
covering.    The  tube  is  generally  a  little  restricted  where  the  diaphragm  occurs. 

This  species  differs  from  T.  tuheradosa  Hall  in  its  much  smaller,  smooth,  and  cylindrical 
branches,  which  have  altogether  a  more  delicate  appearance.  Compared  with  T.  sjncvlaia 
Miller,  it  differs  in  its  more  elliptical  and  somewhat  larger  cell  apertures  and  more  distinct 
peristome. 

Occurrence. — Quite  abundant  in  the  Waldron  shales  at  Waldron  and  elsewhere  in  Indiana; 
less  common  in  the  Rochester  shale  at  Lockport,  N.  Y.,  and  Grimsby,  Ontario. 

Catalogue  numbers,  44108,  35763,  U.  S.  National  Museum. 

Trematopora  8PICULATA  Millor. 

PI.  XXVII.  figs.  14,  15. 

Trematopora  apinvUosa  Hall,  Twenty-eighth  Ann.  Kept.  New  York  State  Mus.  (doc.  ed.).  1876,  pi.  II, 

flgs.  11,  12.    (Not  T.  spinulosa  Hall,  1852.) 
Trematopora  8 piculata  Miller,  American  Pal.  Fobs.,  2d  cd.,  1877,  p.  245.     (Proposed  for  T.  spinulosa, 

preoccupied  by  Hall  in  1852.) 
Trematopora  spUulcUa  Hall,  Twenty-eighth  Ann.  Rept.  New  York  State  Mus.  (Museum  ed.),  1879,  p. 

114,  pi.  11,  flgs.  11,  12. 
Trematopora spiculata  Hall.  Eleventh  Ann.  Kept.  Indiana  Geol.  Nut.  Hist.,  1882,  p.  235,  pi.  10,  flgs.  11, 12. 

The  study  of  the  type  specimen  of  this  species  now  preserved  in  the  collections  of  the 
American  Museum  of  Natural  History  showed  that  it  is  an  example  of  a  form  occurring 
rather  abundantly  in  the  Waldron  shale  of  Indiana  and  less  commonly  in  the  Rochester 
shale  of  New  York  and  Canada.  The  identity  of  this  species  was  not  suspected  hitherto, 
because,  as  the  type  specimen  shows,  the  enlarged  view  of  the  surface  figured  by  Hall  incor- 
rectly represents  this  feature.  The  zooecia,  instead  of  being  angular  and  contiguous,  as 
represented  in  this  figure,  are  in  reality  subovate  and  separated  by  a  row  of  angular  meso- 
pores,  which  often  attain  a  sis&e  equaling  or  exceeding  the  zooecia  themselves.  The  follow- 
ing description  is  believed  to  set  forth  the  salient  features  of  the  speciea. 

Zoarium  of  solid,  ramose,  frequently  branching  stems  averaging  2  mm.  in  diameter. 
Zooecia  oval  to  circular,  with  a  more  or  less  well-developed  peristome,  thin  walled,  0.17  mm. 
and  0.14  mm.  in  their  longer  and  shorter  diameters,  respectively,  7  in  2  mm.,  measuring 
lengthwise.  Interzocecial  spaces  oft^n  as  wide  as  the  zocecia  and  occupied  by  large,  angu- 
lar mesopores.  Acanthopore^s  small,  but  often  so  numerously  develop)ed  as  to  occupy 
every  angle,  thus  giving  the  spiculated  surface. 

Compared  with  Tremaiojwra  vjhitfieldi  Ulrich,  the  only  closely  related  associated  species, 
the  present  form  may  be  distinguished  by  its  more  circular  and  smaller  zooecia  and  rela- 
tively wider  interapcrtural  spaces.  The  acanthoporc«  are  also  a  more  prominent  surface 
fenture  and  serve  as  an  additional  means  of  separating  the  two  forms. 
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Occurrence. — Rather  uncommon  both  in  the  Waldron  shale  at  Waldron,  Ind.,  and  in  the 
Rochester  shale  at  Lockport,  N.  Y.,  and  Grimsby,  Ontario.  Rare  in  the  Osgood  beds  at 
Osgood,  Ind. 

Catalogue  numbers,  35760,  35762,  U.  S.  National  Museum. 

Genus  MONOTRYPA  Nicholson. 

The  massive  zoarium  consisting  of  simple,  lai^e,  prismatic  zooecia,  with  thin,  straight, 
or  crinkled  walls,  usually  few  diaphragms,  and  no  acanthopores  or  mcsopores,  is  character- 
istic of  this  genus.  The  species  described  below  represent  two  sections  of  the  genus,  one 
in  which  the  zooecia  have  crinkled  walls  and  no  diaphragms  and  the  other  with  straight 
walls  and  diaphragms.  However,  as  various  species  arc  intermediate  in  their  characters 
between  these  extremes,  this  division  of  the  genus  is  probably  more  an  artiHcial  than  a 
natural  one. 

MONOTRYPA   OSGOODENSIS    n.  sp. 

PI.  XVI,  figs.  1-5. 

Comp&re  A strocerium  constrictum  Hall,  Nat.  Hist.  New  York,  Pal.  II,  1852,  p.  123,  pi.  34A,  figs.2a-c,  3a-e. 

Zoarium  massive,  generally  consisting  of  flat  or  hemispherical  disks  10  to  20  mm.  in  diam- 
eter and  4  to  10  mm.  ITigh,  but  sometimes  of  larger  rounded  masses  20  to  30  mm.  in  thick- 
ness. Growth  commences  upon  other  oi^anisms,  but  as  it  continues  the  zoarium  becomes 
free  and  the  base  lined  with  a  concentrically  wrinkled  epitheca.  Celluliferous  surface 
smooth,  the  zooecia  composing  the  maculae  being  a  trifle  larger  than  the  ordinary  ones  and 
on  a  plane  with  them.  Zooecial  apertures  thin  walled,  polygonal  in  outline,  usually  hex- 
agonal, 4  to  5  in  2  mm.  Acanthopores  and  mesopores  wanting,  the  structures  simulating 
the  latter  probably  being  young  zooecia. 

Sections  show  that  the  walls  are  thin  and  straight,  that  the  diaphragms  are  developed  at 
intervals  of  from  a  tube  diameter  or  more  apart  in  the  immature  region  to  three  in  the  same 
space  in  the  mature  zone.  The  immature  and  mature  regions  are  very  similar,  but  may 
be  distinguished  by  the  more  numerous  diaphragms  and  slight  thickening  of  the  walls  in 
the  latter  region.     Large  zoaria  often  show  successive  immature  and  mature  regions. 

Specimens  of  this  species  are  very  similar  externally  to  the  a.*<sociated  M.  benjamini, 
hut  a  vertical  fracture  will  show  the  diflerences,  M.  osgoodensis  having  straight  walls  and 
diaphragms  and  M.  benjamini  showing  crinkled  walls,  no  diaphragms,  and  slightly  larger 
zooecia.  The  zooecia  of  Orbignyella  expanna  are  also  quite  similar  in  size  and  shape,  but 
the  explanate  growth  and  different  int<»rnal  structurt*  will  distinguish  it.  Hall  has  prol)- 
ably  included  this  species  with  his  AKtroccrium  consiridum ,  as  some  of  his  figures  of  the 
coral  appear  to  represent  this  bryozoan.  There  should  bo  no  difficulty  in  separating  the 
two,  because  of  the  thick  walls  and  projecting  septa  of  the  coral. 

Occurrence. — Abundant  in  the  Osgood  beds  at  Osgood,  Ind.,  not  uncommon  in  the  Roch- 
ester shale  at  LiK*kport  and  Rochester,  N.  Y. 

Catalogue  numlx^rs,  35498,  35499,  44118,  U.  S.  National  Museum. 

MoNOTRYPA    BENJAMINI  n.sp. 
PI.  XVI,  figs.  0-9;  PI.  XXVI,  fig.  11. 

Zoarium  of  globular  or  subglohular  masses  a  centimeter  or  more  in  diameter.  Surface 
smooth,  macular  not  conspicuous.  Zooecia  angular,  thin  walled,  usually  4  in  2  mm.;  dia- 
phragms wanting.     Zooecial  walls  finely  crenulated,  15  or  more  wrinkles  in  2  mm. 

This  species  is  congeneric  and,  indeed,  very  closely  related  to  the  genotype  of  Hall's  genus 
Ptychonema,  P.  tabulaius  from  the  Lower  Devonian  of  Now  York.  Judging  from  the 
description  and  figures,  Hall's  species  forms  larger  zoariu,  has  slightly  lai*ger  zooecia.  and 
more  widely  separated  corrugations  than  the  form  here  dcscrilx'd.  The  genus  PtycJwmma 
was  established  for  species  having  slightly  comigated  walls  and  no  diaphragms.  As  the 
genotype  of  Monotrypa  has  crinkled  walls  and  few  diaphragms  and  other  species  of  the 
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genus  exhibit  no  diaphragnis  at  all  and  straight  walls,  the  combination  of  crinkled  walls 
and  absence  of  diaphragms  seems  a  poor  generic  character.  Ptychonema  is  therefore  con- 
sidered a  synonym. 

The  only  associated  globular  species  with  which  M.  benjamini  might  be  confused  is  Siig- 
matella  globata,  but  the  much  smaller  zooBcia  of  the  latter  are  noticeable  with  the  unaided 
eye.  Some  specimens  of  OrhignyeUa  expansa  might  be  confused  with  this  form,  but  the 
presence  of  curved  diaphragms  in  the  former  is  a  distinguishing  feature  without  consider- 
ing the  dilTcrcnt  growth  and  wall  structure.  M.  benjamini  is  easily  and  certainly  identi- 
fied by  observing  the  crenulated  walls  as  seen  in  vertical  fractures.  Weller  a  has  recently 
described  a  closely  related  species,  M.  corrugata,  from  the  Decker  Ferry  formation  of  New 
Jersey.  This  species,  however,  has  smaller  zooecia  (10  in  3.5  mm.),  a  few  diaphragms  in 
the  mature  region,  and  the  crenulation  of  the  walls  are  fewer  and  much  less  pronounced. 

The  specific  name  is  in  honor  of  Dr.  Marcus  Benjamin,  editor  of  the  United  States  National 
Museum,  to  whom  the  writer  is  indebted  for  many  courtesies. 

Occurrence. — Not  uncommon  at  Lockport,  N.  Y.  One  example  of  the  same  form  was 
found  at  Osgood,  I nd. 

Catalogue  numlx>rs,  35.500,  44129,  U.  S.  National  Museum. 

MONOTRYPA    PEDICULATA  n.  Sp. 
PI.  XVI,  figa.  10-13. 

iSoarium  of  small  subglobular  or  pear-shaped  pedunculate  masses  averaging  10  mm.  in 
height  and  half  that  amount  in  width;  base  often  slightly  expanded.  Surface  smooth, 
maculse  inconspicuous.  Zooecia  angular,  thin  walled,  6  to  7  in  2  mm.  Acanthopores  and 
mesopores  wanting.  Vertical  sections  show  that  the  zooecial  tubes  have  somewhat  flexuous 
walls  and  that  diaphragms  are  absent.  The  walls,  however,  do  not  exhibit  the  crinkling 
usually  observed  in  species  without  diaphragms. 

The  unusual  growth  obtaining  in  this  species  is  a  character  making  identific^ition  com- 
paratively easy.  The  initial  zooecia  are  parasitic  upon  foreign  objects  and  continue  to 
grow  upward,  opening  only  at  the  top.  In  this  way  the  pedunculate  form  of  the  zoarium 
is  produced,  the  lower  portion  of  the  colony  being  without  apertures  and  covered  with  an 
epitheca  or  pellicular  membrane.  When  new  zocecia  are  interpolated  the  zoarium  assumes 
the  normal  globular  form  with  the  zocecia  opening  laterally  as  well  as  distally.  Compared 
further  with  the  associated  species  of  the  genus,  M.  pediculaia  differs  from  both  in  having 
smaller  zo(Pcia.  Other  distinguishing  characters  are  the  absence  of  diaphragms  and  the 
flexuous  walls. 

Occurrence. — Rochester  shale,  Rochester,  N.  Y.  Osgood  beds,  Osgood,  and  near  Waldron, 
Ind. 

Catalogue  numbers,  44119,  44120,  U.  S.  National  Museum. 

Genus  DIPLOTRYPA  Nicholson. 
Distinguished  from  Monotrypa  by  the  presence  of  mesopores. 

DiPLOTRYPA    W^ALKERI  n.  Sp. 

PI.  XIV,  figs.  1-5;  PI.  XXV,  fig.  4. 

Zoarium  of  small  masses,  irregular,  rounded,  or  pyriform  in  shape  and  varying  from 
10  to  20  mm.  in  their  diameter.  Maculae  of  larger  zooecia  and  more  numerous  mesopores 
are  present,  but  are  not  a  conspicuous  feature  of  the  smooth  surface.  Zooecia,  6  in  2  mm., 
sometimes  angular  but  more  often  somewhat  rounded  and  separated,  at  least  partially, 
by  mesopores.  Acanthopores  wanting.  Mesopores  numerous,  usually  small  but  some- 
times half  as  large  as  the  zooecia  proper. 


a  Geol.  Survey  New  Jersey,  Pal.  Ill,  1903,  p.  223,  pi.  18,  figs.  1^. 
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VerticAl  sections  are  particularly  instructive  and  bring  out  the  generic  charaetere. 
Diaphragms  are  wanting  in  the  immature  region  of  the  zoa'cial  tuljos  and  few  are  found 
in  the  mature  zone.  Indeed,  in  a  zoirium  built  up  of  several  suc<r.e8sive  immature  and 
mature  regions  the  latter  region  is  recognized  chiefly  by  the  pn^sence  of  diaphragms.  In 
the  mesopores  the  diaphragms  are  at  intervals  varying  from  one-half  to  an  entire  diameter 
apart.  The  mesopores  also  exhibit  a  feature  that  ha^  been  noticed  in  other  species  of  the 
genus,  namely  that  at  about  the  same  height  in  the  zoarium  a  number  of  mesopores  with 
their  close  tabulation  will  cease  as  such  and  their  places  be  taken  by  the  untabulated 
zoflpcial  tubes.  The  tabulation  and  size  of  the  zoa?icia  in  this  species  arc  so  different  from 
those  of  otllcr  species  of  the  genus  that  comparison  is  not  necessary.  Associated  species 
with  a  similar  zoarium  are  the  various  species  of  Monotrypa,  but  the  absence  of  mesopores 
in  these  forms  will  easily  distinguish  them  under  a  lens. 

This  species  is  named  in  honor  of  Mr.  B.  E.  Walker,  of  Toronto,  Canada,  in  appreciation 
of  his  keen  interest  in  paleontology  and  his  generous  help  in  loaning  many  fine  specimens. 

Occurrence. — Not  uncommon  at  Grimsby,  Ontario,  and  at  Lockport  and  Rochester,  N.  Y. 

Catalogue  number,  35527,  U.  S.  National  Museum. 

Ordor  CIIYI'TOH'TOM^T'A   Vino. 

Representatives  of  eighteen  genera  distributed  among  eight  families  of  this  order  are 
found  in  the  Rtxihester  shale,  making  the  Cryptostomata  the  Ix^t  represented  group,  gen- 
erically  at  least.  Cryptostomatous  bryozoa  are  characterized  by  the  primary  zocecial 
orifice  being  produced  into  a  tubular  shaft — the  vestibule. 

I^iimily  I'I£YlL.LOI>ORINir)^^  XTlrioh. 

Genus  PHYLLOPORINA  Ulrich. 

This  genus  comprises  characters  pertaining  to  several  orders,  and  is  one  of  the  "  compre- 
hensive" type«  that  occur  occasionally  in  Paleozoic  strata.  The  zoarium  is  of  irregularly 
anastomo-sing  branches,  with  two  to  eight  n)ws  of  aptM'tunvs  on  the  obverse  side,  the  reverse* 
longitudinally  striated;  tabulated  interstitial  space's  closed  at  the  surface:  ac^nthopores 
generally  present. 

PlIYLLOPORlNA    ASPERATOSTRIATA  (Hall). 

PI.  XVIII,  ngs.  1  r>. 

Retepom  anvfrato-striata  Hall,  Nat.  Hist.  New  York,  Pal.  II,  1S,'>2,  p.  Kil,  pi.  40C.  iigs.  2a-h. 
Subrrtrpom  aftprralo-strUUa  Miller.  North  Aniorican  fJeol.  and  Pal.,  188<),  j),  326. 
PkyllojMrina  asprrato-striatn  ririch.  Cicol  Survey  Illinois,  VIII,  IHIK),  p.  Ml,  pi.  53,  figs,  ^bh 
Phylloporiiui  n.fprrat(h-strinta  (Irahaii.  Bull.  New  York  State  Muh..  No.  4.'i.  11)01,  p.  168,  fig.  68. 

Zoarium  oi  rather  regularly  inosculating  branches  arising  from  a  slightly  expanded  base 
and  forming  a  reticulate,  flat,  undulating  or  broadly  funnel-shaped  expansion,  .sometimes 
reaching  a  diameter  of  70  or  S()  mm.  Branches  varying  from  O.S  to  1  mm.  in  width,  but 
usually  the  diflferent  parts  of  the  same  six^ciineii  are  uniform  in  this  respect.  Fenestrules 
ratluM*  regular  in  shape,  oval  to  .subelliptic^l,  but  somewhat  variable  in  .size,  the  average 
being  alxMit  1.10  mm.  in  length  and  0.45  mm.  in  width..  Mea.suring  longitudinally  9  to  10 
fenestrules  may  be  counted  in  20  mm.,  while  transversely  15  m-rupy  the  same  space.  The 
celluliferous  side  exhibits  4  to  6  ranges  of  zoo'cia.  Apertures  circular  or  .subpolygonal,* 
closely  crowded  together,  6  to  7  in  2  mm.  In  well-preserv<»d  examples  the  longitudinal 
stria^  of  tlie  revei-se  side  are  seen  under  a  magnifier  to  be  minutely  denticulate,  thus  sug- 
gesting the  spc^cific  name. 

Both  tlie  externiil  and  internal  charadei-s  of  this  well-marked  species  have  l>een  figured, 
the  former  by  Hall  and  the  latter  by  Ulrich.  The  large  anjistomosing  branches  with  four 
to  six  rows  of  polygonal  zoavia  are  readily  recognized. 

Occiurencf.—  .Vbundant  at  Lockport,  Rochester,  Niagara  Falls,  and  other  lot^alities  where 
the  Rochester  shale  outcrops  in  westerivNew  York,  and  at  Grimsby,  Thomld,  and  Hamilton, 
Ontario.      Rare  in  the  Osgood  beds  at  Osgood,  Ind. 

Catalogue  number,  35740,  35741,  43441,  U.  S.  National  Museum. 
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Genua  PSEUDOIIORNERA  Roemer. 

Pseudohomera  Rocmcr,  Lcth.  geog.,  Leth.  Pal..  I,  Atlaa,  1876,  expl.  pi.  12. 

Drymotrypa  ITlrich,  Gcol.  Survey  Illinois.  VIII,  1890,  p.  .399. 

Drymotnjpa  Miller,  North  American  Geol.  and  Pal.,  First  App.,  1892,  p.  084. 

Thamnocella  Simpson,  Fourteenth  Ann.  Rept.  State  Geol.  New  York  for  1896,  1897,  p.  525. 

Drymotrypa  Nickles  and  Baasler.  Bull.  U.  8.  Geol.  Survey  No.  173,  1900,  p.  235. 

It  is  unfortunate  that  the  well-defined  genus  Dnpnotrypa  must  be  abandoned  in  favor  of 
the  name  Pseudohomera,  which  not  only  lacks  description  but  also  expresses  a  false  relation- 
ship; but  as  l)oth  genera  were  founded  upon  the  same  species,  Hall's  Retepora  diffusa,  there 
13  no  doubt  of  their  identity.  In  the  explanation  of  PI.  12,  figs.  2a,  2b,  of  the  work  cited, 
Roemer  gives  the  new  name  Pseudohomera  diffusa  to  Hall's  species  and  illustrat-es  the  genus 
by  copies  of  Hall's  figures,  intending,  no  doubt,  to  define  the  genus  in  the  text,  which,  however, 
never  appeared.  The  ruUs  of  nomenclature  require  recognition  of  generic  names  founded 
upon  well-illustrated  species,  and,  as  P^iud^ihomera  meets  with  this  requirement,  the  name 
is  here  used  in  place  of  Drymotnjj:a.  Tlie  writer  may  be  accused  of  inconsistency  in  recog- 
nizing Pseudohomera  in  place  of  Dryniotrypa  and  then  accepting  PhyUoporina  instead  of  the 
much  earlier  name  Subretepora,  both  of  which  were  founded  upon  the  same  type  of  structure, 
but  the  two  are  not  parallel  cases.  Psemiohornera  is  founded  upon  good  figures  correctly 
illustrating  the  type  species  while  D'Orbigny's  Subretepora  was  proposed  for  Intricaria 
claihrata  Hall,  which  was  both  figured  and  desc.ril)ed  incorre<*tly. 

The  writer  is  indebted  to  Miss  Margaret  W.  Moodey ,  of  the  United  States  National  Museum, 
for  calling  attention  to  Pseudohomera,  as  well  as  for  many  other  valuable  bibliographic 
references  which  she  has  discovered  during  the  preparation  of  a  catalogue  of  North  American 
invertebrate  fossils. 

The  zoarium  in  Pseudohomera  is  of  dichotomously  dividing  branches,  celluliferous  cm  one 
side  and  longitudinally  striated  on  the  reverse.  The  zoopcia  are  in  several  ranges  and  spring 
from  a  thin  double  plate,  beneath  which  is  a  numl)er  of  vesicles;  the  vestibules  expand  from 
the  orifice  to  the  angular  apertures. 

PseiTDOIIORNERA    NIAOARENSIS    (Hall). 
PI.  XVI II,  fl|?.  20;  PI.  XIX.  figs.  14-16. 

Fmestflla  n.  xp.  Tlall,  Nat.  Hist.  New  York.  Pal.  II,  1852.  pi.  40D.  flg.  4. 

ThamniHCun  t  Niagareiutis  Hall,  Twenty-eighth  Ann.  Rept.  Now  York  Stati'  Mus.  (doc.ed.),  1876,  pi.  11, 

fig:?.  22-25;  Ihld.  (Mus.  ed.>,  1879,  p.  126,  pi.  11,  figs.  22-25. 
Thamniscus  ningarensis  Hall.  El<»venth  Ann.  Rept.  Indiana  Oeol.  Nat.  Hist.,  1882,  p.  2.')4,  pi.  10,  figs. 

22  25. 
Drytnotrypa  niagarerutis  Ulrlch,  Cool.  Survey  Illinois,  VIII,  18JW,  p.  299. 
Thamniscus  Niagarensis  Simpson,  Fourteenth  Ann.  Rept.  State  Geol.  Now  York,  for  the  year  1894, 1897, 

pi.  9.  figs.  15^  17. 

The  collections  from  the  Rochester  shale  contain  several  well-preserved  specimens  of  this 
species,  which  was  described  from  the  Waldron  l)eds  at  Waldron,  Ind.,  and  hitherto  has  not 
been  recorded  from  any  other  horizon  or  locality.  The  Waldron  specimens  show  a  slight 
variation  in  the  shape  of  the  celluliferous  side,  this  l>eing  either  angular  along  a  central  line, 
or  rounded.  The  specimens  from  New  York  exhibit  only  an  angulated  obverse.  This  angu- 
lation is  a  good  specific  character,  the  rounded  obverse  being  only  a  feature  of  the  aged  con- 
dition. Compared  with  P.  diffusa,  this  specie^s,  in  addition  to  having  the  character  just 
mentioned,  is  distinguished  by  having  the  reverse  marked  with  3  t-o  5  granulose  stria?, 
instead  of  6  to  8,  in  the  width  of  a  branch,  and  by  an  obverse  side  with  3  to  4  ranges  of 
more  rounded  zocecia.  P.  niagarerms  has  not  the  graceful  method  of  growth  pertaining  to 
D.  diffusa  and  is  a  less  handsome  species  in  every  respect. 

•     The  spi'cimen  figured  by  Hall  as  Fenestella  (n.  sp.)  on  PI.  40D,  fig.  4,  of  Nat.  Hist.  New 
York,  Pal.  H,  proves  to  l)elong  to  this  species. 

Occurrence. — Not  uncommon  in  the  Ho<*hester  shale  at  Lockport  and  Niagara  Falls,  N.  Y., 
and  in  the  Waldron  shale  at  Waldron,  Ind. 

Catalogue  number,  35742,  U.  S.  National  Museum. 
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PSEUDOHORNERA    DIFFUSA    (Hall). 

PI.  XVIII.  ngs.  G-9;  PI.  XXIII,  figs.  1-3. 

Retepora  diffusa  Hall,  Nat.  Hist.  New  York,  Pal.  II,  1852,  p.  160,  pi.  40C. 
Pseudohomera  diffusa  Roemer,  Leth.  geog..  Leth.  Pal.,  I,  Atlas,  187G,  pi.  12,  fig.  2. 
Drymotrypa  diffusa  Ulrich,  Geol.  Survey  Illinois,  VIII,  1890,  p.  399.  pi.  53.  fig.  7,  7b. 
Drymotrypa  diffusa  Grabaii.  Bull.  New  York  StaU'  Mus.,  No.  45.  1901,  p.  IGO,  fig.  69. 
Compare  Polypora  f  probUmatica  Vine,  Quart.  Jour.  Geol.  Soc.  London,  XXXVIII,  1882,  p.  62. 

This,  the  genotype,  has  been  fully  figured  and  described  by  Hall  and  Ulrich,  and  the  fol- 
lowing description  is  inserted  mainly  for  the  sake  of  completeness. 

Zoarium,  a  loosely  spreading  frond  growing  in  a  plane  and  consisting  of  branches  about 
1.5  mm.  in  diameter,  dividing  dichotomously  at  short  intervals;  an  entire  zoarium  about 
50  mm.  in  both  height  and  width.  Celluliferous  side  l>earing  from  4  to  6  rows  of  zooecia, 
springing  from  a  thin  double  lamina,  5  zo<rria  in  2  mm.  measuring  lengthwise.  Noncellu- 
liferous  side  marked  by  6  to  8  longitudinal  stria?. 

This  beautiful  form  is  readily  recognized  by  its  dichotomously  dividing,  nonanastomosing 
branches,  the  longitudinally  striated  reverse  and  the  smooth,  slightly  rounded  obverse  bear- 
ing 4  to  6  ranges  of  zooecia.  The  associated  species,  P.  jiiagarensis,  has  a  similar  method  of 
growth,  but  may  easily  l)e  distinguished  by  its  usually  angular  obverse,  bearing  circular 
apertures,  and  fewer  ranges  of  zooecia. 

Tlie  collections  of  the  U.  S.  National  Museum  contain  specimens  of  Polypora?  problematica 
Vine,  identified  by  the  author  of  that  species,  which  are  closely  related  if  not  identical  with 
Hall's  species.  At  any  rat«,  Polypora  f  problematica  is  the  European  representative  of 
Pseudohomera  dtjfusa. 

Occurrence. — Rather  uncommon  in  the  Rochester  shale  at  Lockport  and  Rochester,  N.  Y., 
and  at  Grimsby,  Ontario. 

Catalogue  number,  43389,  U.  S.  National  Museum. 

Family    KKNIiiHI^KJ^I^II)^::    Kintr. 
Genus  FENEvSTKLLA  I^)nsdalo. 

Zoarium  flabellate  or  funnel  shaptnl, celluliferous  on  the  mncr  side;  branches  generally 
straight,  sometimes  flexuous,  connect^^d  at  regular  intervals  by  dis,sepinients;  apertures  in 
two  rows,  separated  by  a  plam  or  tubercuiated  keel. 

KeNESTELLA   CRIBROSA    Hall. 

PI.  XIX.  figs.  3-5. 
FenesUlla  cribrosa  Hall.  Nat.  Ulst.  New  York,  Pal.  II.  1852,  p.  160,  pi.  40D.  figs.  3a,  b. 

Original  description. —  Frond  expanded  or  cyathiform;  brunches  strong,  irregularly  bifurcating;  sur- 
face striated;  transverse  bars  or  dissepiments  thin,  scarcely  enlarging  at  their  junction  with  the 
branches;  fcneslrules  small,  quadrangular,  sometimes  oval;  porilerous  side  unknown. 

Fencstrules  eleven  in  th»j  space  of  three  lines  longitudinally,  and  cighU»on  in  the  same  space  trans- 
versely. 

This  species  is  readily  distinguished  by  the  small  angular  fenestrules,  which  are  much  more  numerous 
than  in  the  same  space  in  any  other  species  in  this  group;  the  branches  are  quite  as  strong,  or  even 
stronger  than  in  F.  elegans.    It  Is  easily  distinguished,  therefore,  by  the  nonct^lluliferous  side  alone. 

The  specimen  in  the  collections  of  the  American  Museum  of  Natural  History,  marked  as 
the  type  of  this  species,  doe^  not  agree  with  either  Hall's  description  or  figures,  but  appears 
to  be  an  example  of  Polypora  inc£pta.  In  the  Kochesler  shale  at  the  localities  mentioned 
below,  several  examples  of  a  neat  little  Fenestella  have  been  found  wliich  agree  in  all  essential 
respects  with  Hall's  description  and  figures.  Under  these  circumstances  the  writer  believes' 
that  the  specimen  now  designated  as  the  type  of  the  species  has  been  inadvertently  marked 
as  such,  and  that  the  original  type,  which  possibly  has  been  last,  was  an  example  of  the  form 
figured  on  PI.  XLX  as  F.  cnbrosa. 
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F.  crihrosa  may  readily  be  distinguished  from  associated  fenestellids  by  the  small  size  and 
quadrangular  shape  of  the  fenestrules,  the  wide  branches,  and  striated  no'ncelluliferous  side. 
On  the  celluliferous  face  the  characters  to  be  noted  are  the  occurrence  of  protruding  zocecial 
apertures  generally  two  but  sometimes  three  to  a  fenestrule.  The  carina  is  moderately 
elevated  but  conspicuous  spines  are  developed,  averaging  two  to  a  fenestrule. 

Occurrence. — Rather  rare  at  Loi-kport;  not  uncommon  at  Middleport,  N.  Y. 

Catalogue  number,  35553,  U.  S.  National  Museum. 

FeNESTELLA    ELEOAN8   Hall. 

PI.  XIX,  figs.  1,2. 

Fenestella  elegant  Hall,  Nat.  Hist.  New  York,  P^l.  11,  1852,  p.  164,  pi.  40D,  figs.  la-g. 
Feneslella  elegans  Grabau,  Bull.  New  York  StaU?  Mus.,  No.  45,  1901,  p.  170,  flg.  70. 

The  characters  of  this  as  well  as  most  of  the  other  Rochester  shale  fenestellids  have  been 
well  illustrated  by  Hall,  and  the  following  brief  description  and  measurements  are  given 
for  completeness: 

Fenestrules  quadrangular,  3  to  4  in  3  mm.,  measuring  longitudinally,  and  6  in  3  mm. 
transversely.  2^ocecia  in  two  ranges  separated  by  a  sharp,  moderately  elevated  carina, 
which  in  perfect -specimens  bears  small  spines  at  intervals  of  about  0.4  mm.;  4  zooecia  to 
a  fenestrule.  On  the  reverse  side  the  fenestrules  arc  quadrangular  and  two  or  three  fine 
striations  mark  the  branches. 

Occurrence. — Fragments  are  common  at  Lockport,  the  type  locality,  and  at  all  the  other 
localities  in  western  New  York;  good  specimens  occur  also  at  Thorold,  Hamilton,  and 
Grimsby,  Ontario. 

Catalogue  number,  44143,  U.  S.  National  Museum. 

Genus  I^lIX)PORELLA  Hall. 

Like  Fenestella,  except  that  at  regular  intervals  the  branches  are  considerably  thickened 
and  form  rib-like  support^s. 

Ptiloporella  nebvata  (Nicholson). 
PI.  XXIV,  flgjr.  24,  25;  PI.  XXVI,  figs.  5.  6. 

FenesUlla  nervata  Nicholson,  Pal.  Ohio,  11.  1876,  p.  264.  pl.  25.  figs.  11, 11a. 
Ptiloporella  nervata  Miller,  North  American  Geol.  and  Pal..  1889,  p.  319. 

Several  large  examples  and  numei^us  fragments  of  this  species  were  found  at  Grimsby, 
Ontario,  and  at  Lockport,  N.  Y.,  one  of  them  collected  by  Mr.  Ulrich  showing  a  spread  of 
160  mm.  The  rib-like  development  of  the  branches  at  regular  intervals  will  cause  the 
recognition  of  the  form  to  be  easy.  The  measurements  of  the  Rochester  shale  specimens 
agree  in  all  essential  respects  with  the  Ohio  types  as  figured  by  Nicholson,  so  that  there 
seems  to  be  no  question  of  their  specific  identity.  For  convenience  of  reference,  Nicholson's 
figures  are  reproduced  on  PI.  XXIV. 

Occurrencg.— Rochester  shale,  Lockport,  N.  Y.,  and  Grimsby,  Thorold,  and  Hamilton, 
Ontario;  Osgood  beds,  Osgood,  Ind.  Nicholson's  types  were  found  in  the  Niagara  lime- 
stone at  Cedarville,  Ohio. 

Catalogue  numbers,  35743,  44144,  U.  S.  National  Museum. 

Genus  SEMICOSCINIUM  Prout. 

Zoarium  as  in  Fenestella  save  that  the  zooecia  are  developed  on  the  outer  side  of  the 
branches  and  that  the  keel  has  a  much  expanded  summit. 
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SeMI(X)SCINIUM  TENUICEP8  (Hall). 
PI.  XIX,  figs.  0,7. 

Fenettella  tenuiceps  Hali,  Nat.  Hist.  New  York,  Pal.  II,  1852,  p.  1()5,  pi.  40D,  figs.  2a-b. 
Semicoscinium  tenuiceps  Ulrich,  (tool.  Survey  Illinois,  VIII,  1890.  p.  .'to5. 
Srmitoscinium  Unuicrps  Grahaii,  Bull.  New  York  State  Mns.,  No.  45,  1901.  p.  171,  fig.  72. 

Hall's  figures  bring  out  the  characters  of  this  species  so  well  that  there  is  no  difficulty 
in  distinguishing  it  from  the  ass<x*iated  fencst^^Hids.  The  sharp,  prominent  carina,  the 
essential  feature  of  the  genus,  is  somewhat  floxuous  or  undulating  toward  the  base  of  the 
zoarium  hut  straightcr  in  the  upper  portions.  Three  to  4  fenestrules  ma/  be  measured  in 
3  mm.  longitudinally,  and  4  to  6  in  the  same  space  transversely;  4  to  5  zocecia  to  a  fenestrule. 
In  the  typical  forms  of  Semicoscinium,  the  fenestrules  on  the  inner  or  reverse  side  are 
subrhomboidal  or  rounded,  but  in  this  and  other  early  spetues  the  fenestrules  are  much  as 
in  FtixestdUij  thus  showing  the  origin  of  the  genus. 

Occurrence. — Abundant  at  Lockport,  Rochester,  Lcwiston,  and  Niagara  Falls,  N.  Y.; 
Grimsby,  Ontario.     Rare  in  the  08g(x>d  Ix^ds  at  Osgood,  Ind. 

Catalogue  numbers,  ;^744,  35745,  35746,  U.  S.  National  Museum. 

Genus  I'OLYPORA  McCoy. 

Zoarimn  as  in  Fenestella,  but  the  median  kve\  is  aliseut  and  two  to  eight  rows  of  zocecia 
arc  present  on  a  branch. 

P0LY1*0RA    INCEPTA    Hall. 

PI.  xix.ng8.8-ia. 

Paly  pom  incr.pta  Hall.  Nat.  Hist.  New  York.  Pal.  11,  1852.  p.  107.  pi.  40D,  figs.  5a-f. 
Polyporaincepta  Ulrich,  Oeol.  Survey  lUinoi.H.  Vlll.  1890,  p.  358.  pi.  55,  fig.  1. 
Polyporaincf.pta  (Jrabau,  Bull.  New  York  StaU»  Mus.,  No.  45,  1901.  p.  172,  fig.  73. 

This  pretty  form  was  adequately  figured  by  Hall  and  is  easily  distinguished  from  asso- 
ciat<»d  fcne.st«'Ilids  by  its  more  robust  habit  of  growth  and  the  additional  ranges  of  zoo&cia. 
The  sf)ecifir  characters  are  as  follows:  Zooicia  in  three  or  four  ranges;  apertures  oval, 
alternating,  branches  dividing  regularly;  di.ssepinient.s  slender,  little  enlarged  at  their 
junction  with  the  branches.  Fenestrules  oblong,  (juudrangiilar,  4  to  4.5  in  6  mm.,  meas- 
uring longitudinally,  and  7  to  10  in  the  .same  space  transvei-sely.  Keversi*  side  of  branches 
longitudinally  striated. 

Occurrtme. — Not  uncommon  at  Rochester  and  L<K'kport   X.  V.,  and  (irimsby,  Ontario. 

Catalogue  nunilHTs,  35747,  3574.S,  44145,  U.  S.  National  Museum. 

Genus  LOCIJLIPOKA  Hall. 

The  zoarium  in  this  genus  resembles  Fentstella  except  that  the  dissepiments  are  short, 
typically  reduced  to  a  minimum,  and  that  the  branches  and  dis.se  pi  mentis  are  carinated, 
the  carina?  coalescing  and  their  sununits  much  expanded,  causing  the  obverse  and  reverse 
sidty  to  have  much  the  same  appearance. 

Loculi]>ora  was  founded  upon  a  Hamilton  species,  Feiifstella  j>erforata  Hall,  in  which  the 
branches  approach  so  closely  together  that  the  zoo'cial  apertures  appear  to  occupy  the 
dissepiment^M  as  well  as  the  branches.  Thin  sections,  however,  show  that  the  dissepiments 
are,  as  usual,  nonporiferous,  but  are  reduced  in  length  to  such  an  extent  that  the  branches 
are  brought  almost  into  contact.  In  the  sjx'cies  discussed  below,  for  which  type  of  stnic- 
ture  the  generic  term  T(duhjM)ra  was  proposed  by  Hall,  the  dissepiments,  although  more 
prononnce<l,  still  exhibit  considerable  variation  in  this  respect  and  show  their  relation  to 
the  more  typical  forms  of  LoruIifH)ra.  Tictul'ijmra,  thcrcftne.  rould  l)i»  dLstinguished  from 
iMrnliimra  only  by  the  better  (lcv<'K)pinent  of  the  solid  portions  of  the  dissepiments,  but 
at  present  this  feature  can  not  be  considered  as  a  good  generic  character. 
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LOCULIPORA    ULRICIII    D.  Sp. 

PI.  XXI,  fig.  2;  PI.  XXV,  figs.  22-24. 

Compared  with  the  Waldron  species,  L.  ambigtui  Hall,  this  new  form  presents  the  follow- 
ing dilference^.  First,  the  form  of  the  zoarium,  (^specially  the  basal  portion,  differs  in  that  it 
is  much  narrower,  is  stalk-like,  and  expands  much  more  slowly;  second,  the  reverse  side  of 
the  zoarium  Ls  less  distinctly  papillated;  third,  the  obverse  side  is  more  regularly  and  con- 
stantly striated;  fourth,  the  fenestrules  on  the  obverse  (outer)  side  are  more  regular  and* 
quadrate  in  form;  fifth,  the  apertural  rim  of  the  zocecia  is  less  developed;  and  sixth,  the 
zoarium  as  a  whok  i»  a  trifle  less  robust.  The  stalk-like  form  of  the  zoarium,  the  regularly 
striated  obverse  side,  and  the  quadrate  form  of  the  fenestrules  are  the  most  obvious  features 
and  will  readily  prevent  confusion  with  related  species. 

Tangential  sections  of  L.  ulrichi  show  that  the  apertural  rim  is  so  little  developed  that  it  is 
scarcel}'  distinguishable,  but  in  similar  sections  of  L.  ambigua  the  rim  is  a  very  conspicuous 
feature.  Compared  further  L.  ulrichi  has  .smaller  fenestrules,  8  o<xurring  in  5  mm.,  meas- 
uring lengthwise,  and  10  in  the  .same  space  transversely,  while  in  L.  ambigua  6  and  9  occur 
respectively  in  the  same  spaces. 

The  other  Silurian  spticics,  L.  gothlandica  Ulrich,  from  the  island  of  Gotland,  is  also  related, 
but  differs  in  that  its  fenestrules  are  smaller  and  less  quadrate  and  the  zoarium  expands 
more  rapidly. 

This  fine  species  is  named  in  honor  of  Dr.  E.  O.  Ulrich  of  the  U.  S.  Geological  Survey,  to 
whom  the  wfiter  is  indebted  for  valued  suggestions  and  help  in  the  preparation  of  this  paper. 

Occurrence. — Lockport,  Lewiston,  Niagara  Gorge,  and  Rochester,  N.  Y.;  Grimsby  and 
Thorold,  Ontario. 

Catalogue  numl)ers,  35548,  35765,  35760,  U.  S.  National  Museum. 

LocuMPORA  AMBIGUA  var.  PRECURSOR  u.  var. 

Compare  LoctUipora  ambigua  (Hall),  Twenty-<?ighth  Ann.  Rcpt.  New  York  State  Mus.  (doe.  ed.),  1876, 
pi.  11,  ngs.  17-21;  (Mus.  cd.)  1879,  p.  123,  pi.  11,  figs.  17-21:  Eleventh  Ann.  Rept.  Indiana  Geol.  Nat. 
Hist.,  1882.  p.  248,  pi.  11,  figs.  17-21. 

This  .subordinate  name  is  proposed  to  distinguish  a  form  of  Tjoculipora  found  rather  rarely 
in  the  Rochester  shale  at  Ix)ckport,  and  in  the  corresponding  Osgood  ImhIs  at  Osgood,  Ind. 
All  of  the  specimens  so  far  seen  agree  with  L.  ambigua  in  size  and  in  having  an  obtusely 
conical  2!:oarium  with  comparatively  irregular  branches  and  fenestrules.  The  reverse  side 
of  the  branches  is  granulo-striate,  agreeing  in  this  respect  with  young  specimens  of  L. 
ambigua,  but  the  zoopcial  apertures  of  the  proposed  variety  are  scarcely  so  much  elevated  as 
in  the  typical  form  of  the  species.  Better  material  perhaps  might  .show  reasons  for  consider- 
ing this  a  distinct  species,  but  at  present  it  seems  Ixjst  to  consider  it  only  an  early  variety  of 
the  Waldron  form. 

Occurrence. — Apparently  rare  in  the  Rochester  shale  at  Lockport,  N.  Y.,  and  in  the 
Osgood  l)(»ds  at  Osg(X)d,  Ind. 

Catalogue  numbers,  35554,  35555,  U.  S.  National  Museum. 

Genus  TILUIMSC^US  King. 

Zoarium  as  in  Polypora,  but  branches  bifurcate  more  frequently  and  are  rarely  or  not  at  all 
connected  by  dissepiments. 
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Thamniscus  dichottomus  (Hall). 

PI.  XVIII.  ftgs.  17-19;  pi.  XXVII,  flgs.  1-7. 

Homera  f  dichototna  Hall,  Nat.  Hist.  New  York,  Pal.  II,  18.>2.  p.  163,  pi.  40  C.  fig.  3d  (not  flgs.  3ft,  b). 

Subrelepora  dichotoma  Miller.  North  American  Geol.  and  Pal.,  1889.  p.  .S26. 

Thamni8cu3  dichotomus  Ulrich,  Oeol.  Sur\'ey  Illinois,  V^III,  1890,  p.  607. 

Stictopora  dichotoma  Whitfield  and  Hovey.  Bull.  Am.  Mus.  Nat.  Hist.,  XI,  pt.  2,  1899,  p.  lOB.     .<. 

At  most  localities  showing  tho  Kochestor  shale,  abundant  specimens  of  an  undouUM  and 
well-marked  species  of  Thamniscus  may  \)c  found  which  has  Ix^en  regarded  as  idcnti^siii^th 
Hohwra  ?  dichotoma  Hall.  In  their  catalogue  of  type  specimens  in  the  American  MuJiHWu  of 
Natural  Historyo,  Whitfield  and  Hovey  referred  this  species  to  Stictopora  with  the  remark 
that  tho  specimen  of  Homera  ?  dichotoma  which  bears  Professor  HalFs  original  ticket  and 
references  to  the  figures  (Nat.  Hist.  New  York,  Pal.  U,  1852.  pi.  40C,  figs.  3a,  3b)  is  not  like 
either  description  or  figures,  but  is  elliptical  in  section  and  [>oriferous  on  both  .sides.  Through 
the  courtesy  of  Professor  Whitfield  the  writer  h.us  been  able  to  examine  the  type  .specimen 
referred  to  and  finds  it  to  be  a  narrow  but  otherwi.se  normal  example  of  the  common  Pachy- 
dictya  crassa  (Hall).  HalPs  figures,  3a  and  3h,  are  poor  an  J  differ  in  several  respects  from  the 
type  specimen,  so  that  it  is  a  question  whether  thu«  example  Ls  really  the  original.  They 
might  equally  well  represent  a  branch  of  the  abundant  Thamniscus.  Under  these  circum- 
stances it  seems  best  to  disregard  these  two  figures  and  base  the  species  upon  the  third  figure, 
3d,  and  HalPs  description,  instead  of  considering  Ilornera  ?  dichotoma  as  s3monymous  with 
Pachydictya  crassa.  As  the  original  description  quoted  Ix'low  and  the  figure  on  PI.  XXVH 
show,  Homera  f  dichotoma  Ls  an  easily  distinguished  fonn  of  Thamniscus,  differing  from  other 
American  forms  by  its  extremely  regular,  dichot<^mously  branching  method  of  growth. 

Original  description.— Stems  minute,  scmicylindrical,  rigidly  branching  or  Tiifurrating:  one  surface 
striated  longitudinally,  the  other  celluliferous;  cells  with  round  or  oval  aperture*,  which  open  from  the 
summit  of  a  pustullform  elevation. 

This  species  is  extremely  minute,  its  characters  being  scarcely  distinguishable  with  the  naked  eye.  In 
its  striated  and  poriferous  surface  It  resembles  in  general  characters  Rrtriiora;  but  the  mode  of  branch- 
ing is  different,  and  the  cells  are  round  or  oval,  with  the  op<'nings  elevated  above  the  surface  of  the 
branch,  which  dot^s  not  occur  in  Rftejiora. 

The  following  description  Ls  believed  to  contain  the  essential  characters  of  the  species: 

Zoarium  of  small,  slender,  dichotomously  dividing  branches  generally  0.4  or  0.5  mm.  in 
breadth  but  increasing  to  0.6  or  0.7  mm.  Ix^fore  a  bifurcation.  Branching  regular,  occur- 
ring at  intervals  of  5  to  7  mm. ;  angle  of  bifurcation  small,  generally  less  than  30°.  Branches 
flat  on  the  reverse,  slightly  convex  on  the  obverse  or  celluliferous  side.  Zocecia  usually 
arranged  in  three  or  four  ranges,  but  just  l)efore  a  bifurcation  the  numlx^r  may  be  increased 
to  five  or  six.  Zocecial  apertures  circular  or  oval,  0.10  to  0. 12  mm.  in  diameter  opening  from 
the  summits  of  small  pustuliform  elevations.  8  in  2  mm.  meamired  longitudinally.  In  young 
specimens  the  zocecia  are  arranged  in  well-marked  longitudinal  series  separated  by  a  low 
ridge,  the  zooecial  spacers  are  faintly  marked  with  small  node>s.  and  the  elevations  from 
which  the  apertures  open  are  pronounced.  In  old  examples  the  st^parating  ridges  and 
zooecial  elevations  are  less  pronounced  while  the  apertural  walls  Ix'ur  numerous  nodes  which 
often  indent  the  zooecial  cavity.  The  noncelluliferous  side  is  longitudinally  striat^xl,  the 
lines  as  .shown  on  well-preserved  specimens  lx*ing  composed  of  small  nodes  or  granules. 

The  regular,  dichotomously  branching  method  of  growth,  the  flat,  striated,  noncellu- 
liferous face,  and  the  slight  ly  convex  obverse  side  with  small  rounded  zooecia  are  characters 
which  readily  distinguish  Thamniscus  dichotomuf  from  all  associated  bryozoa. 

Occurrence. — Lockport,  Rochester,  and  other  localities  in  western  New  York;  Grimsby 
and  Hamilton,  Ontario. 

Catalogue  numbers,  35558.  35751,  44147,  U.  S.  National  Mu.seum. 


a  Bull.  Am.  Mus.  Nat.  Hist.,  XI,  pt.  '2,  WM,  p.  108. 
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F^amily  irriLOUICTYONID^^K  XJlrich- 

Genua  PILENOPORA  HaU. 

Distinguished  from  Ptilodictya  by  the  presence  of  two  or  more  mesoporcs  in  each  inter- 
space between  the  ends  of  the  apertures. 

PlI-ENOPORA  ENSIFORMIS  Hall. 
PI.  XXVII,  figs.  8,  9. 

Phstnopora  enitiformis  Hall,  Net.  Hist.  New  York,  Pal.  II,  1852,  p.  48,  pi.  18,  figs.  8a-c. 
Phxnopora  enxiformis  Nicholson  and  Ilindc,  Canadian  Journal,  new  ser.,  XIV,  1874,  p.  142. 
Phstnopo^a  ensiformU  Nicholson,  Pal.  Province  Ontario,  187.'>,  p.  45,  flgs.  19,  2,  2a. 
Ptilodictya  emiformis  Ulrich,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  V,  1882.  p.  172. 
Pfutnopora  emiformin  Focrstc,  Geol.  Survey,  Ohio,  VII,  1895,  p.  598. 

A  narrow,  unbranchod  species  of  Phstnopora  occurs  not  uncommonly  at  most  of  the 
Rochester  shale  localities  and  agrees  in  all  respects  with  the  Clinton  form  described  by  Hall 
as  Ph^nopora  ensiformiM.  In  this  form  the  characteristic  mesopores  occupying  the  inter- 
spaces between  the  ends  of  the  aperture  are  often  made  out  with  difficulty  and  this  fact 
causes  the  zoarium  to  resemble  Ptilodictya  very  closely.  Upon  close  examination,  however, 
or  by  means  of  thin  sections,  two  small  mesopores  may  be  found  occupying  the  position 
normal  for  Phsenopora, 

The  zoarium,  which  is  bifoliate  and  pointed  at  the  base  for  articulat  ion,  averages  25  mm. 
in  length  and  2  mm.  in  width ;  each  face  bears  from  7  to  1 1  parallel  rows  of  zocecia ;  6  zooecia 
in  2  mm.  measured  longitudinally;  apertures  in  linear  series  between  slightly  raised  longitu- 
dinal lines,  quadrangular,  measuring  alx)ut  0.18  mm.  by  0.30  mm.,  but  in  marginal  series, 
oval  slightlj'  oblique  and  larger  than  in  the  middle  ranges. 

Occurrence.  -Abundant  in  the  Clinton  rocks  of  west^^m  New  York  and  Ontano,  and  not 
uncommon  in  the  Rochester  shale  of  the  same  region.  Rare  in  the  Clinton  rocks  of  Ohio 
and  also  in  the  Osgood  beds  at  Osgood,  Ind. 

Catalogue  uumlx'r,  35752,  U.  S.  National  Museum. 

PHAfiNOPORA    FIMBRIATA    var.    CANADENSIS   n.  VaT. 

PI.  XXI,  figs.  17-19. 

C/Ompare  Phxnopora  pmbriata  (James)  Foerste,  Bull.  8ci.  Lab.  Denison  Univ.,  II,  1887,  p.  161;  ibid., 
Ill,  1H88,  pi.  15,  fig.  7. 

The  form  for  which  the  above  varietal  name  is  propo.Med  agrees  in  method  of  growth  with 
the  characteristic  Ohio  Clinton  species  Phxnojtora  Jimbriata,  but  differs  in  the  following 
respects.  First  the  ztxEcia  of  the  variety  are  smaller,  8  occurring  in  2  mm.,  measuring 
lengihwise,  while  only  6  an»  found  in  the  same  space  in  the  Clinton  foi-m.  Second,  the  walls 
of  the  variety  are  considerably  thinner  while  the  mesopores  are  small  and  inconspicuous. 
While  the  thin  walls  and  small,  inconspicuous  mesopores  of  the  variety  may  be  due  to  a 
youthful  stage  of  growth  in  the  specimens  stu^d,  yet  the  smaller  zooecia  seem  to  be  of 
sufficient  importance  to  designate  the  Rochester  shale  form  as  a  good  variety  if  not  a  species. 

Occtirrevce. — Rochester  shale,  Lockport,  N.  Y.,  and  Grimsby,  Ontario. 

Catalogue  numbers,  35753,  44148,  U.  S.  National  Museum. 
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Genus  CLATHROPORA  Hall. 

Like  PtUodicfya  save  that  the  zoarium  consists  of  branches  anastomosing  so  as  to  fonn  a 
regular  network  with  round  or  oval  fenestrules. 

Crj^TlIROPORA    FRONDOSA    Hall. 

PI.  XX,flg8.5-ll;  PI.  XXI,  figs.  6,  7. 

Clathropom  frondosa  HaU,  Nat.  Hist.  New  York,  Pal.  II,  1852,  p.  KJO,  pi.  40H.  figs.  5  a-<-. 
Clathropora  frondom  Grabaii,  Bull.  New  York  State  Mus.  No.  4.5.  1901.  p.  174,  fig.  75. 

Zoarium  large,  frondesc4?nt,  consisting  of  anastomosing  branches  forming  a  network  which 
in  old  examples  is  often  10  cm.  or  more  in  length  and  width.  Proximal  portion  marked 
with  finer  longitudinal  strife,  long  and  pointed  in  young  examples,  but  with  age  l)ecoming  so 
thickened  as  f  o  Ikj  wedge  shaped.  This  part  of  the  zoarium  articulates  into  a  cup-shaped 
depre.s.sir)n  of  a  spreading  ba.se  attached  \o  foreign  objects.  The  older  the  zoarium  the  more 
thickened  is  the  proximal  portion,  and  hen»  the  branches  sometimes  lx»come  so  broad  that 
the  fenestrules  are  obliterated.  Branches  elliptical  in  cross  section  1.5  to  3  mm.  in  breadth 
and  carrying  on  each  side  from  8  to  15  or  even  more  ranges  of  WHPcia  arranged  in  linear 
series.  Fenestrules  oval,  1 .2  by  2  mm.  b<»ing  an  average  dimension  although,  Ix^cause  of  age 
and  position,  considerable  variation  is  found;  alx)ut  2.5  or  3  in  10  mm.,  measuring  longi- 
tudinally, and  the  same  number  in  8  or  9  nun.  diagonally.  Zott'cial  apertures  rhomboidal, 
oblong-<|uadrangular,  or  elongate-hexagt>nal,  the  shape  varying  in  different  portions  of  the 
zoarium,  8  to  9  in  2  mm.  longitudinally  and  11  in  the  same  spa<*e  measured  ti-ansversely. 

There  is  no  associated  species  save  the  variety  mentioned  Iwlow  with  whi(*h  this  might 
be  confounded.  A  large  complete  example  with  its  network  of  branches,  oval  fenestrules 
and  pointed  base  forms  an  exceedingly  handkjme  cabinet  spechnen. 

Occurrence. — Fragments  are  commtm,  but  complete  specimens  are  more  rarely  found. 
Ijockport,  N.  Y.,  Thorold,  Hamilton,  and  Grimsby,  Ontario. 

Catalogue  numb(Ts,  44146,  44147,  U.  S.  National  Museum. 

Clatiiropora  FRONDOSA  INTKRMKDIA  Nicholson  aud  llinde. 

CUithropora  intcrmcilia  Nicholson  and  Ilindo,  ("anHtluin  Journal,  now  sor.,  XIV.  1S74,  \^.  140,  fig.  ."i. 
Clafhropora  intermedia  Nicholson,  Pal.  Province  Ontario,  1S75.  p.  .W,  fig.  20  a,  I). 

Ori'jiTial  deftcripfion.  ('Inthroporn  intermedia  Nich.  and  Illndo.  PcrforationM  nioderaU'Iy  large, 
from  two-thirds  to  one  line  in  <lianieter, placed  at  intervals  <>f  rather  nion*  tlian  half  a  line,  six  or  seven 
rows  of  cells  in  half  lino,  and  seven  or  eight  rows  between  any  two  perforations. 

Niagara  limestone,  Thorold,  Ontario. 

The  authors  of  this  ft^rm  di.stinguished  it  from  (Uathr()}X)riifrondosa  mainly  on  account  of 
the  poss<'ssion  of  larger  fenestrules.  As  shown  under  tlic  above  description,  the  siz<»  of  the 
fenestrules  is  a  vanable  character.  The  only  additit)nal  character  found  by  the  writer  to 
distinguish  the  two  forms  is  that  the  zcnrcia  of  (\  intenrtedia  are  slightly  larger  than  those 
of  Hall's  species;  the  former  having  7  in  2  mm.  longiiudinally,  and  9  to  10  in  the  same 
space  transvers<^ly,  wliile  the  latter,  as  stitlKl  above,  has  S  and  1 1  in  the  corre.spc»nding 
mea.surements.  The  two  distinctive  cliaractcrs  mentioned  are  so  slight  that  C\  intermedia 
can  hardly  be  regarded  as  more  than  a  variety  of  C.frondosa. 

Occurrina . —  Rochester  shale,  Tliorold  and  Hamilton,  Ontario. 

Catalogue  numlx'rs,  35749,  357f.O,  I'.  S.  National  Mu.st'uin. 

Clatiiropoua  alcicoknis  Hall. 

PI.  XX,  figs.  1-4. 

Clathropora  aleirornin  Hall,  Nat.  Hist.  New  y<Tk.  Pal.  II,  ixvi,  p.  l.'»0.  pi.  4()H.  figs.  4  a-<;. 
C/atfiro]H)ra  alcironn's  (Jrahaii,  Pull.  New  York  State  Mils..  No.  i.'),  l^KJl,  p.  174,  fig.  7r». 

This  fonn  is  easily  recognized  from  the  figures  given  by  Hall  and  is  distingui.shed  from  all 
other  siH'cies  of  the  genus  by  the  faihue  of  the  branches  to  form  u  network  with  oval  fenes- 
trules as  in  the  typical  species.     Otherwise  the  structure  is  as  retjuired  for  the  genus,  as  the 
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thin  section  prepared  from  the  type  specimen,  figured  on  PL  XX,  indicates.     The  zoopeia  are 
large,  5  to  6  in  2  mm.,  measurinij  longitudinally  and  about  10  in  the  same  space  transversely. 
Occurrence. — Rare  in  the  shales  at  Lockport,  N.  Y. 

ir-aiiiily    S'riCTOPORIOI^I^ID^^    Nic-Ulew    and    UuHHler. 

Genus  T^NIODlCrTYA  Ulrich. 

Zoariuhi  growing  from  a  basal  expansion  into  narrow,  dichotomou.sly  divided  branches 
or  broad  fronds;  zooecial  structure  much  as  in  PtUodictya,  The  specirs  descrilx^d  below, 
although  the  earlic  st  known,  app<'ars  to  possess  all  the  cssrntial  generic  characters. 

T.«NI()DICTYA    aCIlUCHERTI    n.  sp. 
PI.  XX VII,  Ogs.  10-13. 

Zoarium,  as  observed  from  the  only  sp<»cimen  found,  of  flexuous,  parallel-edged  branches, 
3  mm.  in  width,  dividing  dichotomously  at  intervals  of  from  6  to  9  mm.  Zoa^cial  apertures 
rather  large  for  the  genus,  i  in  2  nun.,  measuring  longitudinally,  and  7  in  the  same  space 
transversely,  arranged  in  longitudinal  series. 

The  figures  of  the  internal  structure  show  that  this  form  has  ail  the  characters  of  Txnio- 
didya  with  the  exception  that  th?  interspaces  are  not  transversely  lined  as  in  other  species 
of  the  genus.  This  featun^  is  oni^  of  age  and  its  absence  in  the  specimen  studied  may  be 
due  to  its  youthful  condition. 

The  large  zotrcia  will  distinguish  this  from  other  species  of  th?  genus.  The  only  asso- 
ciated species  with  which  it  might  be  confused  is  Pachydictya  crassa,  but  the  oval  aperture 
with  thick  ringlike  walls  and  different  internal  structure  of  the  latter  are  points  of  dilTerence. 

The  specific  name  is  in  honor  of  Prof.  Charles  vSchuchert,  who  collected  the  type  specimen 
and  to  whom  the  writer  is  indebted  for  many  favors. 

Occurrence. — Rcx'hestrr  shal:',  Grimsby,  Ontario. 

Catalogue  number,  35772,  U.  S.  National  Museum. 

It^Hinily    KHINIUICrVOlSIDvK    TTlrioli. 
Genus  PACHYDICTYA  Ulrich. 

Tlie  speci(«  of  this  genus  found  in  the  Rochester  shale  is  a  cosmopolitan  form  which  has 
been  noted  in  most  of  tlr^  divisions  of  the  Niagara.  It  is,  therefon',  of  Htth*  value  for  pur- 
poses of  exact  correlation  and  marks  the  rocks  of  this  group  in  general  only. 

Pachydictya  crassa  (llall). 

PI.  XVIIl,  flgH.  11,  12;  PI.  XXI,  flgs.  14-I(i. 

Slictopora  crassa  Hall,  Nat.  Hist.  New  York,  Pal.  II,  1V,2,  p.  45,  pi.  18,  flgs.  4  a-i\ 
PtUodictya  crassa  Nicholson  and  Ilindc,  Canadian  .lounial,  now  ser.,  XIV,  1874. 
Stictopora  scUula  Hall  and  Simpson,  Nat.  Hist.  New  York,  Pal.  VI.  18K7,  pi.  «1,  figs.  24.  25. 
Pachydictya  scituln  Ulhch.  Gcol.  and  Nat.  Hist.  Survey  Minnesota,  Final  Kept.,  Ill,  pt.  1, 1893,  p.  147. 

Th(»  external  features  of  this  species  have  been  well  figured  by  Ilall  and  Simpson  and 
there  is  no  difficulty  in  the  identification  of  the  form. 

Th:?  Koarium  c<>iisists  of  a  narrow,  dichotomously  branching  frond  with  sharp,  parallel 
edges;  branches  elliptical  in  cross  section  with  narrow  noncilluliferous  margins  marked 
by  faint  striaj;  sso<rcial  apertun^s  oval,  arranged  in  parallel  longitudinal  rows  separated  by 
linear  ridgts,  4  in  2  mm.  measuring  lengthwise. 

The  narrow  bifoliate  branches  with  large,  rounded  zoa*cia  distinguish  the  species  from 
all  associated  forms. 

Occurrence. — C^ommon  at  all  the  Rochester  shale  kx'alitics  in  New  York  and  Ontario; 
also  very  abundant  in  the  Osgood  beds  at  Osgood,  Ind.,  as  well  as  in  the  Niagaran  rocks 
in  general. 

Catalogue  numbers,  35754,  35755,  U.  S.  National  Museum. 
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ITaiTiily   RHABr)OM:ii:SO]S^'ril3vli:    Vine. 

Genus  ACANTIIOCLEMA  Hall. 

Zocecial  tubes  arising  from  a  filiform  axis  in  the  C4>nter  of  the  slender,  ramose  branches; 
apertures  oval,  in  diagonally  intersecting  or  linear  scries;  acanthopores  generally  numerous. 

.ACANTHOCLEMA    ASPERUM    (Hall). 

Pl.XXI,flK8.3-5;  PI.  XXIV,  figs.  7-9;  PI.  XXV,  figs.  17-20. 

Trematopora  aspera  Hall.  Nat.  Illst.  New  York,  Pal.  II,  1852,  p.  154,  pi.  40A,  figs.  10  a-c. 
BaiostomeUaf  a,rpcra  Nickles  and  Bassler,  Bull.  U.  S.  Geol.  Survey  No.  173,  p.  189. 

Zoariuni  of  small  cylindrical  ramulcts  about  1  mm.  in  diameter.  Surface  smooth  but, 
under  a  lens,  hirsute  bccau-so  of  the  numerous  acanthopores.  Zoceciat  apertures  oval  or 
elongate  elliptical,  usually  0.25  umi.  in  their  longer  diameter  and  0.10  in  the  shorter,  4  in 
2  mm.  measuring  lengthwise,  arranged  in  rather  regular  longitudinal  rows,  of  which  there 
arc  7  in  2  mm.  Acanthopores  numerous,  as  many  as  8  or  10  surrounding  an  aperture  and 
often  inflecting  it. 

The  main  features  brought  out  in  vertical  sections  are  the  growth  of  the  zooBcial  tubes 
from  a  filiform  axis,  the  small  inferior  hemiseptum,  and  the  thick,  laminated  deposit  of  the 
interzooecial  spaces  traversed  by  the  acanthoporc  s.  Tangential  sections  through  the  mature 
region  show  the  numerous  acanthopores  and  thick  intcrzocecial  tissue,  while  deeper  sections 
reveal  the  rhomboidal  shape  of  the  primitive  zocecia. 

This  very  abundant  species  might  be  confused  with  the  equally  abundant  BaiostomeQa 
granuliferay  but  the  larger  zoaria,  smaller  and  more  numerous  acanthopores,  less  regularly 
arranged  zooccia,  and  intcrzocecial  spaces  occupied  by  mesopores  are  points  of  diflPerence. 
Internally  the  two  arc  widely  different. 

Occurrence. — Rochester  shale  at  Lockport,  Rochester,  and  Niagara  Falls,  N.  Y.;  Qrimsby, 
Hamilton,  and  Thorold,  Ontario;  Osgood  bods  at  Osgood,  Ind. 

Catalogue  numbers,  35756,  44149,  U.  S.  National  Muvseum. 

i«^ainily    A^llTYLlliyr^'V^ri^liy A^Z    TJlrioli. 

Genus  NP:MAT0P()KA  Ulrich. 

The  following  is  a  well-developed  spocirs  of  this  K<*nus,  dilTering  but  little  from  some  of 
the  Ordovician  forma.  }i tmaiopora  is  distinguished  Iroiii  other  niembers  of  the  Arthro- 
stylidae  in  that  the  zoariuni  is  continuous  instead  of  jointed  above  the  pointed  basal  extremity. 

NemATOPORA   MINl.TA   (Hall). 
PL  XV HI.  fig.  10.  I'l.  XXI.  figs. S- II. 

Trematopora  t  (  Trachypora)  mtntita  Hall,  Twonty-eighth  Ann.  Kept.  New  York  State Mus.  (doo.etl.), 

pi.  ll.fig.JS. 
Trematopora  minuta  Hull,  Twenty -eighth  Ann.  Kept.  New  York  Stale  Mus.  (Mus.  ed.),  p.  113,  pi.  11, 

fig.  8. 
T remotojwrn  mtnuta  Hall,  Kleventli  Ann.  Uepl.  Indiana  (ieol.  Nat.  llist.,  p.  234,  pi.  10,  Ak-  8. 
Mematopora  minuta  ['irieh,  (Jeoi.  Survey  Illinois.  \  111.  p.(i4.j. 

In  the  Rochester  shale  collections  numerous  exainples  of  a  single  species  of  ^femalopora 
have  Iwen  observed,  which,  upon  comparison  with  the  typo  of  Ilall's  Trematopora  minuta, 
from  the  Niagaran  at  VValdron,  lm4.,  have  proved  to  belong  to  the  same  species. 

Original  dcscnption.  Itiyozoum  ramose,  very  aiender:  hranehes  frecpient,  widely  diverging;  diame- 
ter, 0/)  millimeter.  Cell  apertures  elongate-oval,  lengtli  al)out  0.1  nun.,  and  width  0.2  mm.;  distance 
from  each  other  longitudinally  about  equal  Xo  the  length  ot  an  aperture,  arranged  In  spiral  rows  along 
the  branch.  Margins  distinctly  elevated  and  granulose.  and  separated  from  each  other  by  tortuous 
lines  of  nodes. 

Tt)  tlu^  above  description  may  b<*  added  thc^  following:  The  zouriuiii  is  ramose,  but  the 
lower  end  is  i)ointed  for  attachment  in  a  base  spread  over  other  objects.     Measuring  longi- 
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tudinaliy  5  to  6  zocecia  may  be  counted  in  2  mm.  Thin  sections  (see  PI.  XXI,  figs.  8-11) 
show  that  the  species  has  all  the  internal  characters  of  Nematopora. 

In  the  small  size  of  the  zoarium  and  in  the  arrangement  of  the  zocecia  they  are  quite 
different  from  associated  bryozoa  with  the  exception  of  Acanthodema  €uperum  (Hall). 
The  latter,  however,  may  readily  be  distinguished  by  its  more  robust  growth,  stronger 
granules  or  acanthopores,  and  less  regularly  arranged  zocecia.  Internally  the  two  are  quite 
different. 

Occurrence. — Rather  uncommon  in  the  Waldron  shale  at  Waldron,  Ind.  More  abundant 
in  the  Rochester  shale  at  all  of  the  localities  in  western  New  York  and  Ontario. 

Catalogue  numbers,  35773,  35774,  U.  S.  National  Museum. 

K-aiiiily  RHIMTOPORID^:  XJlrloh. 

This  family  was  established  provisionally  by  Ulrich  a  for  the  reception  of  the  unique 
Silurian  generic  typo  Rhinopara  Hall,  the  bifurcating  structures  traversing  the  surface  of 
the  type  species,  R.  verrucoM,  being  so  different  from  any  known  bryozoan  that  the  genus 
could  not  be  classified  otherwise.  Since  that  time  Mr.  Ulrich  and  the  writer,  while  inves- 
tigating the  subject  of  Paleozoic  bryozoa  in  general,  discovered  that  the  family  could 
with  slight  emendation  include  three  other  genera,  namely,  Stictotrypa  Ulrich,  Diameso- 
pora  Hall,  and  Lichenalia  Hall.  It  was  also  at  this  time  that  the  relations  and  structure 
of  the  last  two  genera  mentioned  were  ascertained.  Up  to  this  time  Diamesopara  was 
supposed  to  bo  congeneric  with  CoelocUma  Ulrich,  an  Ordovician  genus  belonging  to  the 
Ceramoporidfe,  while  Lichenalia  was  regarded  as  a  synonym  of  Fistulipora  McCoy.  Siido- 
trypa,  although  placed  under  the  Ptilodictyonidie,  had  always  proved  a  troublesome  genus 
to  locate  naturally.  The  four  genera  now  constituting  the  Rhinoporide  have  a  few  char- 
acters somewhat  at  variance,  but  when  reduced  to  their  simplest  terms,  all  agree  in  pos- 
sessing the  following  cryptostomatous  characters :  Oblong  or  rhomboidal  zocecia,  direct 
vestibules,  and  hcmis«pta,  the  latter,  however,  being  but  little  developed.  Rhinopora 
is  a  broad  bifoliate  type,  Dxamesopora  forms  hollow  ramose  branches,  Stictotrypa  has  nar- 
row bifoliate  branches,  and  the  growth  of  Lichenalia  is  in  semicircular,  unilaminate  expan- 
sions. 

The  first  opportunity  to  publish  the  new  information  concerning  the  Rhinoporidae  occurred 
in  United  States  Geological  Survey  Bulletin  No.  173,  where,  with  the  kind  permission  of 
Mr.  Ulrich,  Nickles  and  the  writer  gave  short  emended  descriptions  of  the  family  and  the 
genera  constituting  it.  For  convenience  of  reference,  these  descriptions  are  repeated 
below  in  their  respective  places. 

With  the  emendations  pointed  out  above,  the  family  Rhinoporidse  may  now  be  defined 
as  follows;  ^ 

Zoarium  variable  in  form;  zocecia  prone  along  the  basal  membrane,  simple,  oblong,  or 
rhomboidal;  vestibules  direct,  hemisepta  wanting  or  almost  so;  front  of  zocecia  below 
vestibule  commonly  strengthened  with  solid  or  vesicular  tissue. 

Genus  RHINOPORA  Hall. 

Two  species  considered  by  then  authors  as  members  of  this  genus  have  been  described 
from  the  Rochester  s!)ale.  The  first,  Rhxnojtora  tuberculona  Hall,  is  now  known,  from  an 
examination  of  the  type  specimen  by  the  writer,  to  belong  to  Fistulipora^  while  the  second, 
Rhinopora  curvata  Ringucberg,  seems  to  be  a  true  member  of  the  genus. 

The  generic  characters  of  Rhinopora  are  as  follows.  2oarium  forming  large^  undulating 
bifoliate  expansions,  celluliferous  on  both  sides;  surface  usually  smooth,  rarely  with  .solid 
monticules,  and  traversed  by  slender,  rounding,  bifurcating  ridges,  whkii  appear  as  shal- 
low grooves  when  the  surface  is  worn;  apertures  nearly  circular,  occupying  the  summits 
of  prominent  papilla;;  mesopores  present,  but  closed  at  the  surface;  lai^  median  tubuli  in 
the  mesotheca. 


a  C.(K)I.  Survey  Illinois.  VIIT,  1890,  p.  388. 
Bull.  292—06 5 
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Rhinopora  curvata  Ringuebei^. 

PI.  XXII.  figs.  12.  13. 
Rhinopora  curviUa  RingUPberg,  Bull.  BiifTalo  Soc.  Nat.  Hist..  V,  1886,  p.  19.  pi.  2,  fig.  14. 

Original  description.— Conllum  very  thin;  foliate.  Cells  round  or  roundish  oval,  placed  near  the 
upper  ?iide  of  the  thin  pustulate  calicos  that  ri.se  gradually  from  the  surface  at  their  lower  side,  thereby 
giving  an  upward  direction  to  the  cells.  The  cells  arc  arranged  closely  in  regular  rows  that  cross  earh 
other  diagonally:  thus  making  a  quincunx  disposition  of  them;  the  regularity  of  the  rows  is  some- 
time^ disturl)ed  by  the  bifurcation  of  a  row  as  the  frond  incrpased  in  size. 

Curve  amounting  to  the  width  of  three  rows  in  one-half  inch.  Cells  seven  to  one-eighth  of  an  inch  In 
the  rows. 

This  coral  liears  some  resemblance  to  R.  verrucosa  of  the  Clinton  group;  which  differs,  however,  in 
the  Cells  }yeing  much  more  prominent,  the  pustulose  character  l^eing  more  deflneci,  rising  abruptly  from 
the  surface,  in  having  the  cell  opening  centrally  located,  and  by  its  small  cells. 

Rhinopora  cunxUa  may  )x?  readily  distinguished  from  all  associat^cd  Rochester  shales 
species  by  its  broad,  bifoliate  growth,  large  zoopcia  (4  in  2  mm.,  mea.suring  along  the  diag- 
onal rows),  with  the  posterior  portion  of  the  peristome  considerably  elevated,  and  the 
arrangement  of  the  apertures  in  well-defined  diagonal  lines. 

Only  a  few  specimens  of  this  species  have  been  studied,  and  none  of  these  exhibits  the 
characteristic  covered  canals  of  typical  Rhinopora.  Otherwise,  however,  the  internal 
structure  is  essentially  the  same,  and  also  differs  in  no  way  but  method  of  growth  from 
that  of  Lichenalia. 

Occurrence. — Rochester  shale,  Lockport,  N.  Y.,  and  Grimsby,  Ontario. 
•     Catalogue  number,  35767,  U.  S.  National  Museum. 

Genus  LICHENALIA  Hall. 

Lichenalia  Hall,  Nat.  Hist.  New  York.  Pal.  II.  1852.  p.  171. 

Lt'cA«na/ia  Nickles  and  Bassler,  Bull.  U.  S.  Geol.  Surv«y  No.  173.  p.  54.    (Not  Lichenalia  of  other 
authors.) 

This  genus  was  founded  by  Hall  upon  thin,  cpithccatod,  subcircular  expansions  wcur- 
ring  in  the  Rochester  shale  at  Lockjwrt,  designated  by  him  as  Liclienalia  concentrica.  In 
parting  the  shale,  the  rough  relluliferous  sides  of  those  expansions  naturally  adhere  mom 
closely  to  the  matrix,  and  tis  a  result  the  noncellulifcrous,  epithecated  side  is  usually 
observed.  Associated  epithecated  bryozoa  from  Ijockix)rt  and  elsewhere  have  l)een 
referred  to  the  species  irri\spective  of  any  other  character,  and  Lichenalia  concentrica  is 
usually  quoted  as  a  characteristic  Niagaran  fossil  wherever  the  rocks  of  that  formation  an^ 
studied.  Here  the  value  of  thin  .sections  is  demonstrated,  a,'^  it  is  only  by  their  aid  that 
the  true  relations  of  Lichenalia  could  Ix^  definitely  a.scertained.  Hall's  original  definitions 
of  the  genus  and  species  are  of  value  only  iti  that  the  genoty|x^  is  restricted  to  the  thin, 
epithecate(i  expansions  oc<*urring  at  Ixx-kport  and  cls(»where  in  western  New  York.  All 
hisTati^r  definitions  of  the  genus  are  based  on  sptH'ics  of  Fistnliporn,  which  are  in  no  manner 
related  to  the  original  typ(\s  of  Lichenalia.  A  study  of  Hall's  typt*  of  L.  concentrica  and 
of  other  examples  from  New  York  shows  that  the  generic  characters  are  as  follows:  '*Zoar- 
ium  a  subcircular  unilaminar  expansion;  zoo'cia  prostrate;  elongate-subrhomboidal,  with 
direct  subtubular  vestibules:  apertures  rounded,  with  peristome  much  elevated  on  the  pos- 
terior side;  interspaces  depressed,  (0  cellulose." 

To  this  definition  of  Nickles  and  the  writer  may  be  added  the  following  remarks.  Thin 
sections  show  that,  as  in  Rhinopora,  the  surface  of  Lichenalia  concentrica  is  traversed  by 
.slender,,  bifurcating  ridges  which  in  reality  are  closed  canals.  These  probably  represent 
the  raaculaj  of  other  bryozoa,  and  are  more  often  .seen  in  thin  j^«ctions  because,  as  men- 
tioned above, -the  surface  is  si^ldom  obst^rved.  The  (X'currence  of  these  canals  in  both  Rhi- 
napora  and  Lichenalia  and  the  other  points  of  agreement  of  the  two  genera  leave  their 
different  metliods  of  growth  as  the  only  distinguishing  chanicter.  The  cellulose  (?)  inter- 
spaces mentioned  in  the  alxive  definition  of  the  genus  have  \wvn  determined  only  by  the 
study  of  thin  sections.     The  few  s|x;cimens  showing  the  celluliferous  face  have  been  in 
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such  a  state  of  preservation  or  condition  of  growtli  that  the  interspaces  have  always 
appeared  depressed  and  solid.  From  the  manner  in  which  the  walls  of  the  mesopores 
occupving  the  zocpcial  interspaces  have  been  inserted,  as  shown  on  PI.  XXII,  their  purpose 
.seems  to  have  been  mainly  that  of  a  strengthening  tissue. 

Altogether,  both  Lichemdia  and  Rhinopora  are  unique  types  of  bryozoa  and,  so  far  as 
known,  are  rej«tricted  to  Niagaran  strata.     Specie^*  descrilxjd  under  these  generic  names « 
from  other  horizons  seem  in  all  instances  to  l)elong  elsewhere. 

LlCHENAUA    (X)NrENTRICA    Hall. 

PI.  XXII.  figH.  l-«;  PI.  XXVI.  flg«.  7-10. 
Lichenalia  concentrica  Hall,  Nat.  Hist.  New  York.  Pal.  II.  TH.52.  p.  171.  pi.  40E,  figs.  5H-g. 

As  this  is  the  genotype  and  apparently  the  only  valid  species  of  the  genus,  the  specific 
characters  are  as  given  in  the  generic  diagnosis.  The  thin,  unilaminate  zoarium,  large 
zoGccia  (averaging  0.5  mm.  in  their  longer  diameter),  and  the  meandering  surface  canals, 
are  characters  making  the  species  easily  recognized.  Good  specimens  can  be  found  only 
in  the  unweathered  shales,  and,  in  parting  the  shales,  usually  the  epithecated  side  alone 
is  shown.  The  disintegrated  shales  yield  small  fragments,  but  these,  especially  when 
still  partly  covered  with  clay,  bring  out  the  fact  that  the  posterior  portion  of  the  zoorcial 
wall  is  unusually  high.  On  account  of  the  unusual  structure  shown  in  this  type,  the 
species  is  figured  in  detail. 

Occurrence.— \  characteristic  fossil  of  the  Rochester  shale  at  Lockport,  Rochester,  and 
other  localities  in  western  New  York.  Good  specimens  may  also  be  had  at  Grimsby, 
Ontario. 

Catalogue  number,  35775,  U.  S.  National  Musc^um. 

Genus  STICTOTRYPA  Ulrich. 

Zoarium  ramose,  not  pointed  at  the  base;  branches  dichotomously  dividing,  narrow, 
compressed;  apertures  circular  or*  elliptical,  with  distinct,  usually  evenly  elevated  peri- 
stomes; interspaces  flat  or  concave,  composed  of  horizontally  laminated  solid  tissue. 

Stictotrypa  punctipora  (Hall). 

PI.  XXII,  figs.  7-11;  PI.  XXIV.  figs.  2«,  27. 

Sticiopora  punctipora  Hall.  Nat.  Hist.  Now  York.  Pal.  II.  18.52,  p.  157,  pi.  40B.  figs.  2a-c. 
Stictotrypa  punctipora  Ulrich.  Oeol.  Survey  Illinois,  VIII,  1890,  p.  .394.  fig.  13a. 

Hall  and  Ulrich  (op  cit.)  have  figured  this  .species  so  well  that  its  recognition  is  a  matter 
of  no  difficulty.  The  more  important  of  their  figures,  together  with  views  of  the  internal 
structure,  are  given  on  the  plates  mentioned  above. 

The  narrow,  bifoliate  zoarium,  with  branches  averaging  3  mm.  in  width,  and  the  ellipti- 
cal zooBcial  apertures  with  a  well-marked  peristome  are  so  different  from  other  bryozoa  of 
this  formation  that  comparison  is  not  necessary.  Measuring  along  one  of  the  rows,  6  to  7 
zooBcia  may  be  counted  in  a  space  of  2  mm. 

In  thin  sections  the  rhoml>oid  or  square  shape  of  the  primitive  zocecium,  the  blunt  infe- 
rior hemiseptum,  and  the  short  cryptostomatous  cell  are  well  shown.  With  respect  to 
these  characters,  thin  sections  of  tbis  species  and  Diamesopora  dichotoma  are  strikingly 
similar,  as  a  reference  to  the  figures  of  the  internal  structure  will  show. 

The  various  species  of  Stictotrypa  resemble  each  other  closely,  but  S.  punctipora  may 
readily  be  separated  by  the  fact  that  the  peristome  is  highest  anteriorly,  thus  giving  a 
notched  appearance  to  the  aperture. 

Occurrence. — Rather  abundant  at  Lockport,  Rochester,  and  Niagara  Falls,  N.  Y., 
Grimsby,  Hamilton,  and  Thorold,  Ontario. 

Catalogue  number,  35776,  U.  S.  National  Museum. 
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Genus  DIAMESOPORA  Hail. 

Diamesopora  Hall,  Nat.  Hist.  New  York,  Pal.  II,  1852,  p.  158  (not  defined). 
Diamcsopora  Nickles  and  Bassler,  Bull.  U.  8.  Gcol.  Survey  No.  173, 1900,  p.  64. 
Diamesopora  Grabau,  Bull.  Now  York  State  Mus..  IX,  No.  45,  1901,  p.  175. 

Diamesopora  Hall  and  Simpson,  Nat.  Hist.  New  York,  Pal.  VI,  1887,  pp.  xv,  19  (definition  baaed  or 
species  of  Chilotrypa). 

Diamesopora  Miller,  North  American  Geol.  and  Pal.,  1889,  p.  30.  (Includes,  besides  the  genotype, 
species  of  Caeloclema  and  Chilotrypa.) 

Diamesopora  Simpson,  Fourteenth  Ann.  Rept.  State  Geol.  New  Yoric  for  the  year  1804,  1807,  p.  566. 
(Definition  contains  in  part  characters  of  both  Diamesopora  and  Chilotrypa.) 

Diamesopora  Ulrich,  Geol.  Survey  Illinois.  VIII,  1890,  pp.  380,  467;  Geol.  and  Nat.  Hist.  Survey  Min- 
nesota, Final  Rept.  Ill,  pt.  1,  1893,  p.  330;  Zittel's  Textbook  Pal.  (Eng.  ed.),  1806,  p.  268  (-  Coe- 
lode  ma). 

A  study  of  thin  sections  of  the  genotype  of  Hall's  Diamesopora^  D.  diehotoma,  and  of 
his  Trematopora  osmium ^  a  related  species  found  very  abundantly  in  the  Waldron  shales  in 
Indiana,  showed,  as  indicated  before,  that  the  genus  has  until  recently  been  misunderstood 
and  incorrectly  defined  and  classified.  Ulrich  proposed  the  name  Ccdoclema  for  similar, 
hollow-stemmed  Ordovician  species,  but  before  defining  the  genus,  abandoned  it  under  the 
impression  that  his  forms  were  congeneric  with  D.  diehotoma.  As  the  above  synonymy 
shows,  this  author  based  his  definition  of  Diamesopora  more  upon  species  of  Ccdodema  than 
upon  the  genotype.  The  two  genera  are  now  known  to  bo  so  far  removed  from  each  other 
as  to  be  classified  under  different  orders,  CoelocUma  being  a  member  of  the  Ceramoporid»y 
a  family  of  Cyclostomata,  and  Diamesopora  having  the  rhomboidal  primary  zooecia  and 
tubular  vestibule  characteristic  of  the  Cryptostomata. 

Nickles  and  the, writer  (op.  cit.)  defined  the  genus  as  follows:  ** Zoarium  ramose,  of  hollow 
stems  lined  internally  by  an  epitheca;  zooecia  simple,  hexagonal,  or  rhomboidal,  with  an 
oval  orifice  in  the  anterior  half,  which,  with  growth,  forms  a  tubular  vestibule;  apertures 
with  peristomes  equally  elevated  or  highest  posteriorly;  intervestibular  spaces  compact  or 
horizontally  laminated." 

The  diagnostic  characters  are  the  mode  of  growth,  the  cryptostomatous  zooecia,  tubular 
vestibule,  and  compact  intervestibular  space.  Lunaria  are  absent,  but  their  structures  arc 
simulated  wlicn  the  peristomes  are  highest  posteriorly.  A  blmit  superior  hemiseptum  is 
often  found  projecting  from  the  zocecial  wall,  but  is  seldom  a  conspicuous  feature. 

Diamesopora  dichotoma  Hall. 

PI.  XXI.  figs.  12,  13;  PI.  XXIV,  figs.  28-30. 

Diamesopora  dichotoma  Hall,  Nat.  Hist.  New  York.  Pal.  II,  1852,  p.  158,  pi.  40B,  figs.  3a-d. 
Diamesopora  dichotoma  Grabau,  Bull.  New  York  State  Mus.,  No  45,  1901,  p.  175.  fig.  78. 

Fragments  of  this  species  are  usually  found  as  flattened  branches  crushed  by  pressure, 
but  the  normal  zoarium  is  of  smooth,  hollow,  ramose,  cylindrical  stems,  2  to  4  mm.  in 
diameter,  with  the  internal  cavity  now  occupied  by  clayey  matter. 

The  largest  specimen  seen  shows  that,  us  a  nile,  the  zoaria  seldom  branches,  a  long 
straight  stem  of  4  or  5  cm.  in  length  usually  occurring.  The  crust  forming  the  hollow 
zoarium  is  al)out  0.60  mm.  in  diamet<^r,  the  interior  or  basal  portion  lined  with  a  transversely 
striated  basal  membrane — the  epitheca.  Maculte  inconspicuous  and  only  distinguished  by 
the  ai>sence  of  zocecial  apertures.  In  young  specimens  the  zocecia  are  seen  to  be  arranged 
in  regularly  ascending  spiral  lines,  but  the  older  the  zoarium  the  more  obscured  becomes 
this  arrangement.  The  zooecia  in  young  examples  have  well-marked  peristomes  generally 
elevated  highest  anteriorly,  but  these  also  become  less  conspicuous  with  age,  and  in  many 
specimens  the  peristomes  are  not  visible  at  all. 

Internal  clioracters. — Thin  sections  of  this  species  are  particularly  instructive,  since  with- 
out them  the  cryptostomatous  character  of  the  genus  would  not  be  suspected.  They  show 
(1)  that  the  primitive  zooecium  is  rhomboidal  in  outline,  (2)  that  a  tubular  vestibule  is 
developed  in  the  anterior  portion,  (3)  that  at  the  junction  of  the  posterior  wall  of  the  primi- 
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tive  zooDcium  and  the  vestibule,  a  blunt  superior  hemiseptum  is  sometimes  developed,  and 
(4)  the  in  vestibular  spaces  are  filled  by  a  dense,  horizontal,  laminated  tissue.  The  orifice 
is  about  0.2  mm.  in  diameter,  and  counting  along  one  of  the  spiral  rows,  6  are  found  in  2  mm. 

Occurrence. — ^Abundant  at  Lockport,  Rochester,  Lewiston,  Niagara  Falls,  and  other  New 
York  localities;  also  at  Hamilton  and  Grimsby,  Ontario. 

Catalogue  number,  35759,  U.  S.  National  Museum. 
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Acanthoclema  asperum  (Hall). 

Allonema  waldronense  Ulrich  and  Bassler. 

Ascodictyon  radiciforme  Vine.     See  Vinella  radiciformls. 

Ascodictyon  siluriense  (Vine). 

Ascodictyon  stcllatum  var.  siliuiense  Vine.     See  Ascodictyon  siluriense. 

Aulopora  consimilis  Lonsdale.    See  Berenicoii  consimiiis. 

Batostomella?  aspera  Nickles  and  Bassler.     Sec  Acanthoclema  asperum. 

Batostomella  granulifera  (Hall). 

Berenicea  consimilis  (Lonsdale). 

Bercnicea  elcgans  Nickles  and  Bassler.    See  Berenicra  consimilis. 

Berenicea  mcmbranacea  Nicklei)  and  Bassler.     Sec  Berenicea  consimilis. 

Bjrthopora  spinulosa  (Hall). 

Callopora  aspera  Hall.    See  Lioclema  asperum. 

Callopora  clausa  n.  sp. 

Callopora  elegantula  Hall. 

Callopora  florida  Hall.    See  Nicholsonella  florida. 

Callopora  laminata  Hall.    See  Fistulipora  laminata. 

Callopora  magnopora  Foerste. 

Callopora  nummiformis  Hall.    See  Mesotrypa  nummiformis. 

Calloporellal  nummiformis  Ulrich.    See  Mesotrypa  nummiformis. 

Ceramopora  foliacea  Hall.    See  Meekopora  foliacca. 

Ceramopora  imbricata  Hall. 

Ceramopora  incrustans  Hall.    See  Fistulipora  cru.stula. 

Ceramopora  niagarensis  n.  sp. 

Ceramopora  orbiculata  Ringueberg.     See  Ceraraoporella  orbiculata. 

Ceramoporella  irregularis  n.  sp. 

Ceramoporella  orbiculata  (Ringueberg). 

Chietetes  expansus  Ringueberg.     See  Orbignyella  expansa. 

Chilotrypa?  coalescens  Nickles  and  Bassler.     See  ('hilotrypa  ostiolata. 

Chilotrypa  ostiolata  (Hall). 

Clathropora  alcicomis  Hall. 

Clathropora  frondosa  Hall. 

Clathropora  frondosa  intermedia  Nicholson  and  Hinde. 

Clathropora  intermedia  Nicholson  and  Hinde.     See  Clathropora  frondosa  intermedia. 

Cceloclema  cavernosa  n.  sp. 

Diamesopora  dichotoma  Hall. 

Diastopora  consimilis  Vine.     See  Berenicea  consimilis. 

Diastoporella  consimilis  Vine.    See  Berenicea  consimilis. 

Diploclema  sparsum  (Hall). 

Diploclema  sparsum  argutum  n.  var. 

Diplotrypa  milleri  Ulrich.     See  Mesotrypa  nummiformis. 

Diplotrypa  walkeri  n.  sp. 

Drymotrypa  diffusa  Ulrich.     See  Pseudohomera  difTasa. 

Drymotrypa  niagarensis  Ulrich.    See  Pseudohomera  niagarensis. 

Eridotrypa  nodulosa  n.  sp. 
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Eridotrypa  stmilis  n.  sp. 

Eridotrypa  solida  (Hall). 

Eridotrypa  spinosa  n.  sp. 

Eridotrypa  striata  (Hall). 

Fenestella  cribrosa  Hall. 

Fcnestclla  elegans  Hall. 

Fenestella  nervata  Nicholson.    See  Ptiloporolla  ncrvata. 

Fenestella  tenuiceps  Hall.    See  Semicosciniuni  tenuu-ops. 

Fistulipora  crustula  n.  sp.  or  n.  name. 

Fistulipora  laminata  (Hall). 

Fistulipora  lockportensis  n.  sp. 

Fistulipora  tuberculosa  (Hall). 

Homotrypa?  solida  Nickles  and  Bassler.     See  Eridotrypa  solida. 

Homera?  dichotoraa  Hall.     Sec  Tharaniscus  dirhotonir.s. 

Idiotrypa  para-sitica  Ulrich.     See  Idiotrypa  punctata. 

Idiotrypa  punctata  (Hall). 

Leioclema  florida  Ulrich.     See  Nicholsonella  florida. 

Leioclerial  laminatum  Ulrich.     See  Fistulipora  laminata. 

Leptotrypa  maculata  Ulrich.    See  Spatiopora  macuiatu. 

Lichenalia  concontrica  Hall. 

Lioclema  asperum  (Halt). 

Lioclema  circinctum  n.  sp. 

Lioclema  explanatum  n.  sp. 

Lioclema  florida  Grabau.     See  Nicholsonella  florida. 

Lioclema  globuiare  n.  sp. 

Lioclema  (?Nicholsonclla)  laminatum  Nickles  and  Bassler.     See  Fistulipora  laminata. 

Lioclema  multiporum  n.  sp. 

Lioclema  p)eculiare  n.  sp. 

Lio<*lema  ramulosum  n.  sp. 

Lioclemella  maccombi  n.  sp. 

Loculipora  ambigua  precursor  n.  var. 

Loculipora  ulrichi  n.  sp. 

Meekopora  foliacea  (Hall). 

Mesotrypa  milleri  Nickles  and  Bassler.     See  Mesotrypa  nunimiformis. 

Mesotrypa  nummiformis  (Hall). 

Mitoclema  sarlei  n.  sp. 

Monotrypa  benjamini  n.  sp. 

Monotrypa  o.sgcK)densis  n.  sp. 

Monotrypa  pediculata  n.  sp. 

Ncnialopora  minuta  (Hall). 

Nicholsonella  florida  (Hall). 

Nicholsonella  ringuebergi  n.  sp. 

Orbignyella  cxpansa  (Ringueberg). 

Orbignyella  magnopora  n.  sp. 

Pachydictya  crassa  (Hall). 

Pachydictya  scitula  Ulrich.     See  Pachydictya  crassa. 

Palcachara?  aspi^a  Hall.     See  Spatiopora  maculata. 

Paleschara  maculata  Hall.     See  Spatiopora  maculata. 

Phspnopora  ensiformis  Hall. 

Phrenopora  fimbrata  canadensis  n.  var. 

Phylloporina  asperato-striata  (Hall). 

Polypora  incepta  Hall. 

PsiMidohornera  diffusa  (Hall). 

Pscudohomera  niagarcnsis  (Hall). 
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Ptilodictya  craasa  Nicholson  and  Hinde.     See  Pachydictya  orassa. 

Ptilodictya  cnsiformifl  Ulrich.    See  Phienopora  ensiformis. 

Ptiloporclla  nervata  (Nicholson). 

Retepora  asperato-striata  Hail.     Sec  Phyiloporina  asperato-striata. 

Retepora  diffusa  Hail.     See  Paeudohomera  diffusa. 

Rhinopora  curvata  Ringueherg. 

Rhinopora  tuberculosa  Hall.     See  Fistulipora  tuberculosa. 

Rhombotrypa  spinulifera  n.  sp. 

Rhopalonaria  attenuata  Ulrich  and  Bassler. 

Sagonella  elegans  Hall.     See  Bcrenicea  consimilis. 

Sagenella  mcmbranaceA  Hall.     See  Berenic^a  consimilis. 

Semicoscinium  tenuiceps  (Hall). 

Spatiopora  maculata  (Hall). 

Stictopora  crasaa  Hall.     See  Pachydictya  crassa. 

Stictopora  dichotoma  Whitfield  and  Hovey.     See  Thamniacus  dichotonius. 

Stictopora  punctipora  Hall.     See  Stictotrypa  puncti|)ora. 

Stictopora  scitula  Hall  and  Simpson.     See  Pachydictya  <>ra8sa. 

Stictotrypa  punctipora  (Hall). 

Stigmatella  globata  n.  sp. 

Stomatopora  dissimilis  Vine. 

Stomatopora  dissimilis  elongata  Vine.     See  Stomatopora  elongata. 

Stomatopora  elongata  (Vine). 

Stomatopora  parva  Ringuel)erg.     See  Stomatopora  elongata. 

Stomatopora  recta  RinguelK*rg.     See  Stomatopora  di.ssimilis. 

Subretepora  a.sperato-striata  Miller.     See  Phyiloporina  asperato-striata. 

Subretepora  dichotoma  Miller.     See  Thamniscus  dichotomus. 

Tttniodictya  schucherti  n.  sp. 

Thamniscus  dichotomus  (Hall). 

Thamniscus?  niagaicnsis  Hall.     See  Pseudohomera  niagarensis. 

Trematopora  aspera  Hall.     See  Acanthoclema  asperum. 

Trematopora  coalescens  Hall.     See  Chilotrypa  ostiolata. 

Trematopora  granulifera  Hall.     See  Batostomella  granulifera. 

Trematopora  astiolata  Hall.     See  Chilotrypa  ostiolata. 

Trematopora  minuta  (Hall).     See  fCematopora  minuta. 

Trematopora??  punctata  Hall.     See  Idiotrypa  punctata. 

Trematopora  solida  Hall.     See  Rridotrypa  solida. 

Trematopora  sparsa  Hall.    See  Diploclema  sparsum. 

Trematopora  spiculata  Miller. 

Trematopora  spinulosa  Ilall  (1852).    See  Bythopora  spinulosa. 

Trematopora  spinulosa  Hall  (1876).     See  Trematopora  spiculata. 

Trematopora  striata  Hall.    See  Eridotrypa  striata. 

Trematoi>ora  tuberculosa  Hall. 

Trematopora  whitfieldi  Hall. 

Vinella?  multiradiata  Ulrich  and  Bassler. 

Vinelhi  radiciformis  (Vine). 
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PLATE  ITT. 


View  of  a  slab,  X  1.4,  showing  assemblage  of  species. 

Rochester  shale,  Middlcport,  N.  Y. 
Air  of  the  species  recognized  on  this  slab  are  designated  by  numbers,  but  the  duplicate 
specimens,  of  which  there  are  many,  are  left  unnumbered.  In  spite  of  the  numeroua 
species  showing  upon  this  specimen,  some  of  the  most  common  forms,  such  aa  TrenuUajtQuu 
iiLbercuIosa ,  Pachydidya  crasmy  PhyUoporina  asperato-striata,  etc.,  are  unrepresented. 
Following  is  the  list  of  species  with  their  corresponding  numbers: 


1.  Pseudohoraora  diffusa  (Hall). 

2.  Diamcsopora  dichotoma  (llall). 

3.  LioclenipHa  maccombi  n.  sp. 

4.  Chilotrypa  ostiolata  (Hall). 

5.  Scmieoscinium  tpnuicop.s  (Hall). 
G.  Dythopora  spinulosa  (Hall). 

7.  Callopora  oU'gantiila  Hall. 
H.  Fenest^'Ua  cribrosa  Hall. 
9.  Polypora  incepta  Hall. 

10.  Phmnoporaonsiformia  Hall. 

11.  Thajnniseua  dichotomus  (Hall). 

12.  Pspudohomcra  niagarensis  (Hari). 

13.  Stictotrypa  punctiporn  (Hall). 

14.  Acanthocloma  asponim  (Hall). 

15.  Friu'Rti^lla  f'logans  Hall. 

16.  Idiotrypa  punctata  (Hall). 
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17.  Lioolema  asponim  (Hall). 

18.  Diplocloma  sparsum  (Hall). 

19.  C^aMocloma  cavernosa  n.  sp. 

20.  Loculipora  ulrichi  n.  sp. 

21.  Tfrniodietya  schucherti  n.  sp. 

22.  Alloneina  waldrononstt  Clrich  and  Baasler. 

23.  Stlgrnatollaglobata  n.  sp. 

24.  Nomatopora  nilnuta  (Hall). 

25.  Tit'niatopora  spiculata  Hall. 
2G.  Endotrypa  striata  (Hall). 

27.  Ccramopon'lla  orbiculata  (Hinguebeiig). 

28.  Fistulipora  cmstula  n.  sp. 

29.  Diploclorna  sparsiim  argutum  n.  var. 

30.  Ptiloporrlla  norvata  (Nicholson). 

31.  Bato.«<tomoila  granulifera  (Hall). 

32.  Liocloina  inultiporum  n.  sp. 


U.  S.  GEOLOGICAL  SURVEY 


BULLETIN  NO.  292  PL.  Ill 


BRYOZOA  OF  THE  ROCHESTER  SHALE 


PLATE    IV. 


J J  " 


71 


PLATE  IV.a 
Vinella'i  muUiradiata  Ulrich  and  Basslcr.     (Page  13.) 

Flo.  1.  Part  of  a  colony  attached  to  a  crinoid  column,  exlii biting  many  nuclei  and  the 
intertwining  of  the  numerous  radiating  st^^lons,  X  9. 
Rochester  shale,  Lockport,  N.  Y. 

Vinella  radiciformis  (Vine).     (Page  12.) 

2.  Portion  of  the  creeping  network  of  the  typic*!  form  of  this  species,  X  9,  Hhowing 

seA'eral  nuclei. 

Rochester  shale,  Lockport,  N.  Y. 

3.  A  nucleus  of  another  colony,  X  20,  showing  a  few  scattered  pores  along. the  radii. 

Rochester  shale,  Rochester,  N.  Y. 

Rhofxihrnaria  aitenuata  Ulrich  and  Bassler.     (Page  11.) 

4.  Part  of  a  colony  preserved  as  an  excavated  mold,  with  several  branches  growing 

so  as  to  intersect  each  other,  thus  causing  an  apparent  irregularity  in  the 
gn)wth. 

5.  Portion  of  anot  her  colony  preser\'ed  as  an  excavated  mold  on  a  gastropod,  show- 

ing u  mon^  n^gular  arrangement  of  the  zoa^ia.  Both  figures  illustrate  the 
extreme  tenuity  of  the  C4)unecting  stolons  and  the  very  slight  swelling  of  the 
zou'cial  part. 

Rochester  shale,  Ij<K*k}H)rt,  N.  Y. 

Ascodictyon  s^Unrierute  Vine.     (Pagi^  14.) 

6.  Two  i.solated  clusters  of  vesicles,  X  9,  attached  to  a  fragment  of  Leptxna  rhant- 

boitkilis. 

7.  A  group  of  clusters,  X  9. 

Rochester  shale,  Lockport,  N.  Y. 

8.  A  single   cluster,  magnified,   figiin«d    by  Vine  (Quart.  Jour.  Geol.  Soc.  Ijondon, 

XXXVIII,  1882.  p.  52,  fig.  1). 

Wenl(H'k  si  1  ales,  Shropshire,  England. 

AUojii'ma  UYildron^wn'  Ulrich  and  Ba.ssler.     (Page  13.) 

9.  Portion  of  a  c«)lony  attached  t^)  tlic^  dorsal  valvr*  of  an  orthoid. 

Waldron  shale,  Waldron,  Ind. 

StoinatofMfra  fhrujiifn  (Vine).     (Page  14.) 

10.  Three  zocecia,  X  12,  of  a  s|)ecinien  identified  by  Mr.  Vine. 

11.  Portion  of  a  zoarium  magnified.     (After  Vine.) 

Wenlock  .shales,  Shropshire,  England. 
12,  13.  Portions  of  two  zoaria,  X   12,  showing  variation  in  growth  and  shape  of  Zixrcia. 

14.  A  s|X'cimen,  X  f),  introduced  for  comparison  with  figure  19. 

RcK'hester  shale,  Roche^ster,  N.  Y. 

Stomatopora  dianimiUs  Vine.     (Page  15.) 

15.  A  reduced  sketch  of  one  of  Vine's  figiin*s  of  this  .sjH'cies. 

WenlcK'k  .shales,  England. 
1().  Zoircia,  X  12,  exhibiting  transversa*  annulations  and  flexuous  growth. 
17,  18.  A  portion  of  a  colony,  X  O.andpartsof  four  zocecia  of  same,  X  12. 
19.  Another  colony,  X  6. 

Rochester  shale,  Ij<x!kport,  N.  Y. 

a  Kijfs.  1.  2,  4,  .'>.  f»,  nnd  9  arc  copied  from  Ulrich  and  Basslrr.  Hovision  of  Amorican  l^cozoic  Bryozoa, 
CtiMio.sioniuta:  Smithsonian  MisccHancouH  ColUvtions  (Quart,  issue),  XLV,  1904. 
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PLATE  V. 
Berenicea  romtimilis  (Lonsdale).     (Page  16.) 

Fio.  1.  Portion  of  a  zoarium,  X  6,  incnisling  a  Meristella  and  showing  radiate  ftrraiig&* 
mcnt  of  zooecia  about  centers  of  growth. 
Silurian,  island  of  Gotland. 
2.  Copy  of  Vine's  illustration  of  tliis  spccie^^. 
Wenlock  shales,  England. 
3,  4.  Hairs  figures  of  this  species  published  under  the  name  ''An  incruating  mem- 
brano-c«lcareous  Corar*  (Nat.  Hist.  New  York,  Pal.  II,  1852,  pi.  40  E,  figi. 
8,8a). 

Rochester  shale,  Lockport,  N.  Y. 
5.  Several  zooecia,  X  20,  of  the  Waldron  fonn  described  by  Hall  as  ^oj^ene^  deffans, 
Waldron  shale,  Newsoni,  Tenn. 

Diploclema  sparsum  (Hall).     (Page  17.) 
[SeealHO  PI.  XXXIIl  figs.  4-6.] 

6,  7.  Two  fragments,  natural  size  and  X   -^  <>f  this  Hbundunt  spivies  showing  the 
u.'^ual  external  features. 
Rochester  shale,  Lockport,  N.  Y. 

Dipiochma  sjxirsvrn  arguhun  \\.  var.     (Page  17.) 

8.  A  portion  of  a  zoarium,  X  12,  exhibiting  the  greater  numl)er  of  ranges  of  zo<rcia 

and  pore  in  front  of  the  aperture,  distinguishing  this  variety. 

9.  Several  zoa'cia  of  same  with  upiTtural  pore. 

Roche,sU»r  shale,  Lockport,  N.  Y. 

Mitoclema  sarUx  n.  sp.     (Page  18.) 

10,  1 1 ,  12.  Three  fragmentary  examples  of  this  small  species,  natural  size  and  X  9. 
Rochester  shale,  Rochester,  N.  Y. 
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Ceramopora  imhricala  Hall.     (Page  19.) 

Fio.  1.  Tangential  section,  X  18,  showing  the  irregular  mesopores  and  peculiar  wall 
structure. 

2.  Tangential  section,  X  18,  passing  through  the  porous  basal  layer,  showing  the 

cellulose  character. 

3.  Portion  of  a  vertical  section,  X  8,  showing  the  cellulose  basal  layer  and  the  open- 

ings in  the  walls  of  the  zooecia. 
Figs.  1-3  are  after  Ulrich,  Geological  Survey  Illinois,  VIII,  1800. 

4.  A  vertical  section,  X  10,  cutting  across  the  zoarium,  showing  growth  abouc  a 

crinoid  column,  and  the  structure  of  zooecia  an'd  basal  layer. 
5,  6.  Celluliferous  surfaces  of  two  zoaria,  X  2,  composed  of  single  maculae. 
Osgood  beds,  Osgood,  Ind. 

7.  A  zoarium,  X  2,  showing  several  maculae. 

8.  Basal   view  of  a  zoarium,  X  2,  showing   the   spongy  nature   and   the  cicatrix  of 

attachment. 
9,  10.  A  macula  and  a  portion  of  another  part  of  the  surface  of  a  zoarium  enlarged,  to 
show  the  imbricating  character  of  the  zooecia. 
Rochester  shale,  Lockport,  N.  Y. 
Figs.  9  and  10  are  after  Hall,  Natural  History  of  New  York,  Paleontology  II,  1852. 

Ceramopora  niagarenms  n.  sp.     (Page  19.) 

1 1 .  Surface  of  one  of  the  types,  X  8. 
12,  13.  Vertical  and  tangential  sections,  X  20,  showing  the  characteristic  ceramoporoid 
structure. 

Rochester  shale,  Rochester,  N,  Y. 
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FistuLipora  lockportensis  n.  sp.     (Pago  23.) 

Fios.  1,2.  Tangential  and  vertical  sections,  respectively,  X20,  illustrating  intenial  char- 
acters of  the  species. 
3.  Surface  view  of  one  of  the  types,  X  8,  showing  a  macula  and  surrounding  zooecia. 
Rochester  shale,  Lockport,  N.  Y. 

Fistidipora  laminata  (Hall).     (Page  22.) 
[See  also  PI.  VIII,  figs.  0, 10.] 

4,  5.  Vertical  and  .tangential  sections,  X  20. 

6.  Surface  of  Hall's  figured  type,  X  8. 

Rochester  shale,  Lockport,  N.  Y. 

Figtulipora  cnuAxda  n.  sp.     (Page  24.> 
[See  also  PI.  VIII,  ngs.  I«,  17;  PI.  XXIII,  flg.  15.] 

7.  Tangential  section,  X  20,  including  a  portion  of  a  macula  and  showing  the 

small  but  prominent  lunaria. 

8.  Vertical  .section,  X  20,  showing  bi>th  immature  and  mature  regions. 

9.  Surface  of  a  typical  specimen  showing  portion  of  a  macula  and  the  surrounding 

zocEcia. 

10.  A  tangential  section,  X  20,  passing  dose  to  the  surface  where  the  apertures 

are  incK)sed  by  polygonal  areas. 
Rochester  shale,  Lockport,  N.  Y. 

Fistulipora  tubercuhsa  (Hall).     (Page  23.) 
[Sw  also  PI.  VIII,  figs.  7,  H;  PI.  XXII I.  flg.  14.] 

11.  Tangential  section,  X20,  exhibiting  the  small,  bi-lolx»d  zwEcia. 

12.  Vertical  section,  X  20.  passing  through  one  of  the  sides  of  the  utricular  zoarium. 

13.  Portion  of  a  tangential  section,  X  20,  prepared  from  Hall's  figured  typ)e. 

14.  Surface  of  Hall's  figured  type,  X  8. 

15.  A  vertical  section,  X  6,  to  show  the  growth  in  hollow  stems.     The  sides  of  the 

zoarium  are  brought  nearer  together  than  in  the  specimen  in  order  to  save 
space. 

Rochester  shale,  Lockport,  N.  Y. 

78 


U.  8.  GEOLOGICAL  SURVEY 


BULLETIN  NO.  292    PL.  VII 


^^>^JJ 


14 


•    ■■■■»£ 


BRYOZOA  OF  THE  ROCHESTER  SHALE. 


PLATE   VIII. 


79 


PLATE  VIII. 

[Unless  otherwise  stated,  ail  the  figuies  on  this  plate  are  copied  from  Hall.  Nat.  Hist.  New  York,  Pal.  II, 

1852.] 

Spaiiopora  nmculaia  (Hall).     (Page  22.) 

[See  also  PI.  IX.  Hgs.  10.  ll.j 

Fig.  1.  One  of  Hall's  types  of  Palescfiara  maculataf  natural  size;  bryozoan  incrusting  a 
Platyostoma: 

2.  Surface  enlarged. 

(Figs.  1  and  2  after  Hall,  Eleventh  Ann.  liept.  Indiana  Geol.  Nat.  Hist.  1882.) 
Waldron  shale,  Waldron,  Ind. 

3.  Zoarium  incrusting  a  Stephanocrinua,  natural  size. 

4.  Surface  of  same  enlarged. 

(Species  figured  by  Hall,  but  not  named.) 
Rochester  shale,  Lockport,  N.  Y. 

Meekoporafoliacea  (Hall).     (Page  25.) 
[See  also  PI.  IX,  figs,  r.,  fl.] 

5.  Hall's  type  of  Ceramopora  foiiacca,  natural  size. 

6.  Surface  of  same,  enlarged,  showing  arrangement  of  zoa^cial  apertures  and  digi- 

tate macular. 
Rochester  shale,  Lockport,  N.  Y. 

FisttUipora  tuberculosa  (Hall).     (Page  23.) 
[See  also  PI.  VIII,  flgs.  11-15;  PI.  XXIIl,  Hg.  14.) 

7.  View  of  type,  natural  size,  of  Rhinopora  tuberculosa  Hall.     This  zoarium  is  a 

crushed  utricular  sjjecimcn. 

8.  Enlai-god  view  of  same  showing  arrangement  of  u[>erlur(^s  and  tubercules. 

Rochester  shale,  Lockport,  N.  Y. 

Fistulipora  laminaia  Hall.     (Page  22.) 

[See  also  PI.  VII.  fjgs.  4-f>.l 

9,  10.  Upper  (celluliferous)  and  bjusal  (epithecated)  si(i«\s,  r(\sfx?ctivply,  of  the  original 
type  of  CoUopora  laminata  Hall,  natural  size. 
Rochester  shale,  Lockport,  N.  Y. 

ChUoiryjxi  oHtiolata  (Hall).     (Page  24.) 
[Soi'  also  PI.  IX,  ligs.  1-41 

11.  Type  of  Tremalopora  coalescens  Hall,  natural  size,  which  proves  to  be  the  basal 

portion  of  Chilvtryjxi  osHolala. 

12.  Surface  of  .same  enlarged. 

13, 14,  15.  Three  typical  examples  ol  Chxlotnjjxi  ostiolafn,  x  2.     (Original.) 
IWhester  shale,  Lockport,  N.  Y 

Fistulipora  crustula  n.  sp.     (Pag(»  24.) 

[Swalso  I'l.  VII.  fiRh.  7-10:  IM   XX  III,  fig.  i:..) 

16, 17.  Views  of  the  surface  and  of  the  int<'rior  of  the  shell  incnisted  of  HalPs  type  of 
CerawofH)ra  incntstans. 

Rochester  shale,  Ijockport,  N.  Y. 
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PLATE  IX. 

ChUetrypa  atiliokUa  (Hall).     (Page  24.) 
[See  also  PI.  VIII,  figs.  11-15.] 

Fiu.  1.  Surface  of  a  typical  example,  X  20,  Hhowiiig  portion  of  a  macula  and  the  sur- 
rounding zooRcia. 

2.  A  transverse  section,  X  20. 

3.  Tangential  section,  X  20. 

4.  A  vertical  section,  X  20,  illustrating  the  central  cAnal,  the  peculiar  bend  of  the 

zo<rcia  in  the  immature  region,  and  the  vesiculose  interspaces  of  the  roature 
region. 

In  figs.  2  and  4  the  central  canal  is  darkened  in  order  to  show  it  more  clearly. 

Rochester  shale,  Lockport.,  N.  Y. 

Meekojtora  foliacea  (Hall).     (Page  25. 
[See  also  PI  VIII.  flga.  5,  6.1 

5,  6.  Tangential   and  verticiil  sections,  respectively,  X  20,  showing  the   fistuli-poroid 
character  and  bifoliate  growth  of  this  species. 
Rochester  shale,  Ijockport,  N.  Y. 

Ceramopordla  irregularis  n.  sp.     (Page  21.) 

7.  Tangential  section,  X  20,   illustrating   the   prominent   croscentic  lunaria,  rather 

numerous  mesopores,  and  thin-walled  ssocpcia. 

8.  Vertical  section,  X  20,  showing  two  layers  of  zoo^cia 

9.  Surface  of  the  type  specimen,  X  8. 

Rochester  shale,  Lockport,  N.  Y. 

Spaiiopora  macukUa  (Hall).     (Page  22.'^ 
ISooalHo  PI.  VIII    fiKs.  I  4.1 

10.  A  tangential  section  of  an  old  example,  X  20. 

11.  Surface  of  a  less  mature  example,  X  ^,  in  which  the  zxxecia  show  the  characteris- 

tic lineate  arrangtnnent. 
WaUlrori  .shale,  Waldn)n,  In<l. 

Ceramoporella  orhimlaia  (Kingiiel>erg).     (Page  20.) 

12.  Vertical  .section,  X  20. 

13.  A  tangential  .section,  X  20,  cutting  the  zoarium  Ix'low  the  surface  and  showing  the 

usual  mesopores  at  this  height. 

14.  Surface  of  a  typical  example,  X  8,  .showing  a  portion  of  a  macula  and  the  i)t)ly- 

gonal  area  marking  out  the  zoopcia  in  mature  si)ecimens. 

15.  A  portion  of  fig.  14,  X  20. 

K(K'hest(T  slmle,  Ij<K'kport ,  N.  Y. 
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PLATE  X. 
Memtrypa  nummiformis  (Hall).     (Page  27. )  • 

Fios.  1,  2.  Tangential  and  vertical  sections,  respectively,  X  20. 

3.  Top  and  edge  views  of  specimens,  natural  size,  to  show  the  characteristic  growth. 

4.  Surface  of  the  original  of  fig.  3,  X  8. 

Rochester  shale,  Lockport,  N.  Y. 

OrhignyeUa  expansa  (Ringueberg).     (Page  26.) 

5.  Vertical  section,  X  20,  of  a  typical  example  with  the  usual  development  of 

curved  diaphragms. 

6.  Tangential  section,  X  20,  through  the  mature  region,  exhibitirp   the   large 

zocecia  of  a  portion  of  a  macula,  and  the  smaller  intermacular  zocjcia. 

7.  Several  intermacular  zoopcia,  X  30,  with  the  characteristic  wall  structure  well 

developed. 

8.  Surface  of  Ringueberg'a  type,  X  8. 

Rochester  shale,  Ijockport,  N.  Y. 

OrhignyeUa  magnopora  n.  sp.     (Page  27.) 

9,  10.  Vertical  and  tangential  sections,  X  20,  exhibiting  the  comparatively  fiw 
curved  diaphragms  and  the  large,  thin-walled  zocecia  characteristic  of  the 
species. 

11.  Several  zooPcia  of  a  tangential  section,  X  20,  giving  the  appearance  when  t!>c 

curved  diaphragms  arc  cut. 

12.  Surface  of  type  specimen,  X  8,  exhibiting  the  large,  thin-walled  zcxpcia    by 

which  extornally  the  species  can  Ik»  separated  from  the  associated  O.  expansa. 
Rochester  shale,  Grimsby,  Ontario. 

Rhombofrypa  spinidifera  n.  sp.     (Page  37.) 
(Soealso  PI.  XXV,  fg.  21.) 

13.  Vertical  .section,  X  20,  exhibiting   the  zones  caused   by  the  turning  of    the 

zo(roia  at  regular  intervals. 

14.  Tangential    section,  X  20,  cutting  the    mature    region    where   the  mesopores 

are  well  developed. 

15.  A  few  zod'cia  and  mesopores,  X  35,  of  a  section  passing  tlirough  the  most  mature 

portion  of  the   zoarium  and  showing  the  aranthoport^s  di.stinguishing  this 
from  other  species  of  the  genus. 
10.  A  portion  of  a  transverse  section,  X  20,  exhibiting  the  quadrate  shape  of  the 
zooPcia  in  the  immature  zone. 
Rochester  shak»,  Lockport,  N.  Y. 
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PLATE  XI. 

Lioclema  as-perum  Hall.     (Page  32.) 

[See  alBO  PI.  XXIV,  figs.  14-lfi.] 

Fio.  1.  A  vertical  section,  X  20,  passing  through  an  immature  and  portions  of  two 
mature  regions. 

2.  Tangential  section,  X  20,  illustrating  the  general  features  of  the  mature  region. 

3.  A  portion  of  a  tangential  section,  X  35,  showing  the  stnicture  of  the  walls  and  of 

the  numerous  large  acanthopores. 
Rochester  .shale,  Lockport,  N.  Y. 

Lioclema  imiltijiorum  n.  sp.     (Page  34.) 
(See  al.«>  PI.  XXTII.  fig.  IS;  PI.  XXVII,  fig.  20.] 

4.  A  small  portion  of  a  tangential  siK'tion,  X  20,  passing  through  the  mature  region. 

5.  A  vcrti<*al  section,  X  20,  showing  the  characters  of  botli  immature  and  mature 

regions. 
0.  A  portion  of  the  tangential  section  figured  in  4,  X  35,  introduced  for  comparison 
with  t  he  corresponding  figure  of  L.  attperum. 
Rochester  shale,  Lockport ,  N.  Y. 

LioclemeUa  moicombi  n.  sp.     (Page  36.) 

[See  also  PI.  XXV.  fig«.  5-7.] 

7.  Vertical  .section,  X  20,  with  the  usual  tahulat  ion  of  z(xvcia  and  mesopores. 
8,  \).  Tangential  .s<»ction,  X  20,  and  a  portion  of  .same.  X  30,  illustrating  the  shape  of  the 
ztxrcia  and  structure  of  the  walls. 

10.  Sui-face  of  one  of  the  figured  types,  X  S. 

Rochester  .shale,  Lcwkport,  N.  Y. 

Liochrna  ramnhsum  n.  .sp.     (Page  35.) 
[See  h1.s<»  PI.  XXV,  figs.  9,  10.] 

1 1 .  Vertical  .sect  ion.  X  20.  illust  rating  t  he  apparent  ab.sencc  of  diaphragms. 

12,  13.  Tangential  .**cr.ti()n,  X  20,  and  a  portion  of  same,  X  30,  showing  the  general 
arrangement  and  .structure  of  the  zoa'cia  and  mesoi)ores  and  of  the  few  hut 
larg<'  acantliopore.s. 

Rwliester  shale,  Ij<K-J<p<)rt ,  N.  Y. 

Er'ulotnjjxi  noditlom  n.  s|).     (Page  30.) 

|Se<'  hI.««m  FM.  XXV,  figs.  13.] 

14,  15.  Tangential  and  vertienl  s<M'tions.  respectively,  X  20,  illustrating  the  internal  char- 
acters of  a  mat  ure  example. 

Rochester  shale,  lj<K'kport ,  \.  Y. 
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PliATE  Xll. 

Eridotrypa  spinosa  n.  Hp.     (Pafije  29.) 

ISeoalfloPl.  XXV,fig.  15.] 

Fio.  1.  Vortical  soction,  X  2(),  showing  the  tabulation  and  the  thick  zowoial  walls  of  the 
inatiire  region. 
2,  3.  Two  portions  of  a  tangential  section,  X  20,  exhibiting  the  thick  zotpcial  welU, 
lai-ge  niiineroiis  acanthopores,  and  the  variation  in  the  number  of  niesupores. 
KtK'hester  shale.  Grimsby,  Ontario. 

Kridotrypti  tttriata  (Hall).     (Page  32.) 

[^po  also  PI.  XXIV,  fiRH.  :M>;  PI.  XXV.  fig.  14.] 

4.  Vertical  section,  X  2(),  sliowing  the  characteristic  tabulation  and  the  slight  thick- 
ening of  the  walls  in  the  mature  region. 
5,  ().  Portions  of  two  tangential  sections,  X  20,  showing  the  appearance  of  tlie  youthful 
and  aged  conditions,  respectively,  of  the  mature  region. 
Rot^hester  shale,  JjCM^kport,  N.  Y. 

Kridotnjfn  solidn  (Hall).     (Page  liO.) 

[Sco  also  PI.  XXIV.  njis.  'J<)-2;i:  PI.  XXV,  fiR.  U\.] 

7.  Vertical  M'ction,  X  20,  sliowing  the  usual  al)s<'nce  of  cliaphragms  and  slight  thick- 
ening of  walls  in  the  mature  region. 
8,  9.  Two  portions  of  a  tangential  section,  X  20,  .showing  the  angular  zotjecia  and  rnc»>- 
porcs of  the  mat  un»  zone. 

Kochestei  shale,  l.i<M'k[)ort ,  N.  Y. 

h'ridotnj]}a  simil'ts  n.  sp.     (P»xge  31.) 
ISi'C  aUso  PI.  XXVI,  nps.  1,  2.J 

10.  A  tangential  section,  X  20,  with  the  usual  thick-walled  angular  zoa^cia  and  meso- 

I)ores  and  <"haracteristic  acanthopores. 

11.  Vertical  s<H"tion,  X  20,  exhibiting  few  diaphragms  in  tiu^  zcxecial  tuln^s  and  m<»re 

nunnToiis  ones  in  tlie  mesopores. 

12.  A  tangential  s<H'tion,  X  30,  passing  through  a  macula. 

13.  Another  tangential  section  showing  more  numerous  acanthopores  and  mesop<.>res 

than  usual. 

14.  Surface  of  one  of  the  figured  types,  '^  8. 

Kocliester  shale.  Grim.sby,  Ontario. 
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Baiostomella  granulifera  (Hall).     (Page  28.) 

[Sec  al80  PI.  XXIV,  figs.  10, 11;  PI.  XXV,  figs.  11. 12.) 

Fig.  1.  Tangential  section,  X  20,  showing  the  solid  interzooecial  spaces  and  numerous 
acanthoporcs. 

2.  Another  tangential  section,  X  20,  taken  lower  in  the  mature  r^on  where  the 

acanthopores  are  smaller  and  the  mesopores  are  visible. 

3.  Tangential  section,  X  30,  showing  the  wall  structure  with  the  mesopores  faintly 

visible. 
4,  5.  Vertical  section,  X  20  and  X  30,  respectively,  exhibiting  the  usual  internal  features. 
Rochester  shale,  Lockport,  N.  Y. 

Byihopora  spinulosa  (Hall).     (Page  29.) 

(SCO  also  PI.  XXTV,  flgs.  12, 13.) 

6,  7.  Tangential  and  vertical  sections,  X  20. 
Rochester  shale,  LcKikport,  N.  Y. 

Lioclerna  explanaium  n.  sp.     (Page  33.) 

(Sec  also  PI.  XXVI,  fig.  4.) 

8.  Sm*face  of  one  of  the  types,  X  16. 

9.  Tangential  ^♦oclion,  X  20,  showing  the  thin-walled  zooecia,  numerous  mesopores, 

and  comparat  ivcly  few  acanth()i)<)ros. 

10.  Vertical  section,  X  20,  exhibiting  the  tabulation  of  zou^cia  and  mesopores. 

Rochester  slmlc,  Rochester,  N.  Y. 

Lioclema  circinctum  n.  sp.     (Page  34.) 

1 1 .  Vertical  sect  ion ,  X  20,  of  the  type  spt^cirnon ,  .sliowing  two  successive  layers  of  zooecia. 

12.  Tangential  stMrtion,  X   20,  bringing  out  the  unusually  numerous  mesopores  and 

apparent  al>sence  of  acanthopores. 
13,  14.  Small  portion  of  fig.  12,  X  60,  and  a  portion  of  wall  of  same,  X  75,  exhibiting  the 
peculiar  wall  structure. 

Rochester  shale,  IxMtkport ,  N.  Y. 

TrematofX)ra  tuberculosa  Hall.     (Page  43.) 
(Sec  also  IM.  XVII.  figa.  1-3;  PI.  XXV,  fig.  8.] 

15.  A  few  zo(T^cia  of  a  vertical  section,  X  35,  exhibiting  the  beadlike  constrictions  of 

the  mesopores, 

16.  Several  zocecia  of  a  tangential  section,  X  35,  showing  the  minute  structure  of  the 

walls  and  acanthopores.  - 

Rochester  shale,  Lockport,  N.  Y. 
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PLATE  XIV. 

Diplotrypa  vxdkeri  n.  sp.     (Page  47.) 

(See  also  PI.  XXV,  Qg.  4.] 

Fig.  1.  Tangential  section,  X  20,  allowing  the  usual  nunil>er  of  mesopores  and  the  difT^T- 
ences  in  the  size  of  the  zooecia.   • 
2,  3.  Vortical  si'ctions,  X  20,  exhibiting  slight  variations  in  the  tabulation  of  mesopores 
and  zooDcia.  • 

4.  Portion  of  fig.  1,  X  40. 

5.  Surfa(!0  view  of  one  of  the  types,  X  8. 

Rochester  shale,  Grimsby,  Ontario. 

Sixgmatella  globata  n.  sp.     (Page  28.) 

6.  Tangential  section,  X  20,  passing  through  one  of  the  zones  of  ac-anthopores  and 

illustrating  the  thin  walls  and  comparatively  few  acanthopores  and  mesopores. 

7.  A  portion  of  fig.  0,  X  40,  exhibiting  the  structure  and  size  of  the  acanthopores  and 

the  characteristic  amalgamation  of  the  zocecial  walls. 

8.  Vertical  section,  X  20,  cutting  two  zones  of  acanthopores. 
0.  Surface  view  of  the  sectioned  type,  X  8. 

Kt)chester  shale,  Lockport,  N.  Y. 

NicholRondlaflonda  (Hall).     (Page  38.) 
iSrt'ftlHo  IM.  XXIV,  fiKs.  1.  2.J 

10.  Tangenlial  section,  X  20,  illustnitmj^  the  large,  acanthopores  indenting  the  zocDcial 

apertures. 

1 1.  Vertical  .sertioi)  through  a  .small  portion  of  an  immature  region  and  all  of  a  mature 

region,  X  20. 

K(M'lies»er  shale,  IxK'kport,  N.  Y. 

Nicholmnella  nmjuef^rffi  ii.  sp.     (Page  39.) 

12.  Tangential  section,  X  20,  through  the  mature  region.     The  zoopcial  CAvities  arc 

blackened  in  order  to  bring  out  more  elearly  the  indentation  of  the  walls  by 
the  acanthopores. 

13.  Vertical  .stM'tion,  x  20,  passing  tlirough  an  entire  zottriun\ 

Rochester  sliale,  lockport,  N.  Y. 
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PLATE  XV. 

CaHopora  rroffnopora  Foerste.     (Page  42.) 

[See  also  PI.  XXVI,  fig.  3.] 

Fios.  1,  2.  Tangential  and  vertical  sections,  X  20,  of  an  authentic  specimen. 
Clinton  formation,  Dayton,  Ohio. 

3.  Vertical  section,  X  20,  showing  the  characteristic  tabulation  of  the  spociea. 

4.  A  small  portion  of  a  tangential  section,  X  20,  cutting  tlic  mature  region  at  a  zone 

where  the  mosopores  are  well  developed. 

5.  Several  zocBcia  and  mesoporos,  X  20,  of  a  tangential  siection  taken  near  the 

surface  of  the  zoarium  where  the  mesopores  are  few  in  number. 

6.  Portion  of  a  transverse  section,  X  20,  showing  the  shape  of  the  zooecia  and  meso- 

pores in  the  immature  zone. 

7.  A  single  zooecium  from  a  deep  tangential  section,  X  20,  passing  through  a 

diaphragm  and  indicating  that  the  opercula  seen  at  the  surface  became 
diaphragms  as  growth  proceeded. 

8.  Surface  of  a  typical  example,  X  8. 

Rochester  shale,  Grimsby,  Ontario. 

CaJJopora  davsa  n.  sp.     (Page  42.) 

9.  Tangential  scn-tion,  X  20,  illustrating  the  polygonal  rather  thick-walled  zocecia 

and  few  mesopores. 

10.  Vertical  section,  X  20,  showing  characteristic  tabulation  of  zoo^cia  and  meso- 

pores and  disappearance  of  the  latter  as  the  surface  is  approached. 

11.  A  typical  example,  natural  size. 

12.  Surface  of  same,  X  ^.     Here  only  the  cre.sts  of  the  zooecial  walls  are  shown, 

the  walls  themselves  Ixjing  considerably  thicker. 
Rochester  shale,  Lockport,  N.  Y. 
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PLATE  XVI. 
Monotrypa  osgooderutijt  n.  sp.     (Page  46.) 

Figs.  1 , 2.  Portions  of  two  vertical  sections,  X  20,  exhibiting  the  tabulation  and  other 
characteristics  of  the  immature  and  mature  zones,  respectively. 

3.  Tangential  section,  X  20,  pa&sing  through  the  mature  region. 

Osgood  beds,  Osgood,  Ind. 

4.  Top  and  side  views  of  a  zoarium,  natural  size. 

5.  Surface  of  a  typical  example,  X  8. 

Rochester  shale,  Lockport,  N.  Y. 

Monotrypa  henjamini  n.  sp.     (Page  46.) 
[See  also  PI.  XXVI.  flg.  11.] 

G.  Vertical  section,  X  20,  sliowing  the  characteristic  crenulations  of  the  zooccia] 

walls. 
7.  A  tangential  .section,  X  20.  pa.s.««ing  through  the  immature  region. 
S.  A  tangential  sectitm,  X  20,  cutting  the  mature  region.     Here  the  thickness  of 
the  walls  has  In'cn  .S4)ii)ewhat  incTcas<'d  !>\'  a  st'condary  deposit. 

RcK'hcster  shale,  IxH'kiMirt,  X.  Y. 
9.  A  small  portion  of  u  vertical  s<»cti<)n,  X  20,  pa.ssing  through  the  inmiature  region. 

Osg(K>d  Ih'ds,  ()sg<K)d,  Ind. 

Monotnjixi  fMiUculaUi  n.  sp.     (Page  47.) 

10,  11.  Vertical  and  tangential  .s<M-ti<)ns,  V  20,  .showing  th<^  internal  stnicture. 

12.  iSfTirfacc  of  one  of  the  typ«'s,  X  S. 

13.  Two  coniph'tc  zoaria,  natiinil  size,  showing  the  .striated  basal  porti(m. 

KtM'he.ster  shale.  Rochester,  N.  Y. 
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PLATE  XVm. 
PhyUofxmna  aajyerato^triaUi  (Hall).     (Page  48.) 

Pigs.  1 ,  2.  A  small  fragment,  natural  size,  and  the  surface  enlarged. 

3.  A  more  complete  zoarium,  natural  size^  sliowing  the  noncelluliferous  side. 
4,  5.  Two  enlargements  of  the  noncelluliferous  side,  exhibiting  the  asperate  striate 
character  which  suggested  the  specific  name. 
Rochester  sliale,  Lockport,  N.  Y. 

Pseudohomtra  diffvua  (Hall).     (Page  50.) 
[See  also  PI.  XXIII.  figs.  1-3.] 

6,  7.  Views  of  Hall's  types,  natural  size. 

8.  A  p<irtion  of  the  noncelhiliferous  striated  surface  enlarged. 

9.  An  enlargement  of  the  ceUuliferous  fac*  showing  the  arrangement  and  form 

of  the  zooccia. 

Rochester  shale,  Lockport,  N.  Y. 

Nematopora  minnia  (Hall).     (Page  58.) 

[Sec  also  PI.  XXI,  figs.  «,  tt.] 

10.  Hall's  type,  natural  size  and  enlarged. 
Waldron  shale,  Waldron,  Ind. 

Pachydictya  crasm  (Hall).     (Page  57.) 

[See  also  PI.  XXI,  figs.  14-16.] 

11,  12.  Two  enlargements  of  a  fragment  of  this  species,  figured  by  Hall  and  Simp- 
son as  Stidopora  scibda. 

Rochester  shale,  Lockport,  N.  Y. 

Loculipora  ambifrita  (Hall).     (Page  53.) 

13.  An  almost  complete  zoarium,  natural  size. 
14,  15.  Enlarged  views  of  the  opposite  faces  of  the  same  .specimen  showing  slight 
difTerences  in  the  character  of  each. 
10.  An  enlarjijemcnt  from  tlie  ed^e  of  specimen  illustrated  by  fig.  13. 
Waldnm  slmlc,  Waldron,  Ind. 

Thamniticufi  dichotomus  (Hall).     (Page  54.) 

[Sec  alHo  PI.  XXVII,  ftps.  1-7.] 

17,  18.  One  of  Hall's  ty|>e.s,  natural  size,  and  enlargement  of  the  same. 

The  supposed  original  of  thesc^  figures,  as  stated  on  page  54,  proves  to  \\e 
a  small  example  of  Pachydictya  rra.s.s'a. 

19.  An  cnlargc'd  view  of  the  striated  noncelluliferous  face  of  Hall's  second  type 

of  the  species. 

Rochester  shale,  Jjockport,  N.  Y. 

Pseudohom4',ra  niayarensis  (Hall).     (Page  49.) 
[See  also  PL  XIX,  flps.  14-lfi.] 

20.  View  of  a  specimen  of  this  species,  natural  size,  figured  by  Hall  as  FenesURa. 

Rochester  shale,  Lockport,  N.  Y. 
All  tlie  figures  on  this  plate  are  copied  from  Hall,  figs.  1-9  and  17-20  being  from  Natural 
History  of  New  Y-ork,  Paleontology-  II,  1852;  figs.  11  and  12  from  Vol.  VI  of  the  same 
series:  and  figs.  10  and  13-16  from  Eleventh  j^Vnnual  Report  of  the  State  Geologist  of 
Indiana,  1&S2. 
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PLATE  XIX. 

Unless  otherwise  stated  all  the  figures  on  this  plate  are  copied  from  Hall,  Nat.  nist.  New  York,  Pal. 

II,  1852.] 

FenesteUa  eUgans  Hall.     (Page  51.) 

Fig.  1.  A  frond,  natural  size,  showing  the  nonceUuliferous  side. 

2.  Celluliferous  side  of  another  specimen,  enlarged. 

Rochester  shale,  Lockport,  N.  Y. 

FenesUHa  cribroM  Hall.     (Page  50.) 

3.  Fragment,  natural  size,  exposing  nonceUuliferous  face. 

4.  Portion  of  same  enlarged. 

5.  Celluliferous  face  of  another  example,  X  20,  showing  protruding  zooecia,  con- 

spicuous spines  on  carina,  and  hroad  branches.    (Original). 
Rochester  shale,  Lockport,  N.  Y. 

Semicoscinium  tenuiceps  (Hall).     (Page  52.) 

6.  Basal  view,  natural  size,  showing  funnel-shaped  zoarium  with  carinated  ceUu- 

liferous  face. 

7.  Celluliferous  surface  of  a  specimen  enlarged,  with  the  carina  worn  or  less  devel- 

oped than  usual,  thus  exposing  the  zooecial  apertures  more  cleanly. 
Rochester  shale,  Ix)ckport,  N.  Y. 

Polypora  incepta  Hall.     (Page  52.) 

8,  9.  Two  zoaria,  natural  size,  lx)th  exhibiting  the  nuncelluliferous  surface. 
10,  11.  NonceUuliferous  side  enlarged  to  show  striated  surface. 

12.  13.  Two  enlargements  of  the  celluliferous  face,  exhibiting  number  of  rows  and  arrange- 
ment of  zoGBcial  apertures. 

Rochester  shale,  Lockport,  N.  Y. 

Pseudohomera  niagnrenfds  (Hall).     (Page  49.) 
(See  also  PI.  XVIII,  fig.  2().] 

14.  NonceUuliferous  fare,  natural  size. 

15.  Celluliferous  face  of  another  example,  X  2, 

16.  Fragment  of  another  ztmrium,  X  3,  sliowing  bjisal  attachment  and  angular  crest. 

Figs.   H-lf)  after  Hall,  Eleventh  Ann.  Rept.  Indiana  Geol.  Nat.  Hist,.  1882. 
Waldron  shale,  Waldron,  Ind. 
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PLATE  XX. 
Clathropora  alcicornis  Hall.     (Page  56.) 

Fig.      1.  A  viow  of  the  tyj)*'  spccimtMi,  natural  siz*.'. 
2,  3.  F^nlai^t'd  views  of  the  surface  of  the  Haiue. 

■I.  A  tangential  si«ction  of  the  typ<*  sp<'cinien,  X  30,  showing  its  generic  identity 
with  Clathropora. 
Rochester  shale,  Ijockport,  N.  Y. 

Clathropctra  fromlosa  Hall  and  var.  iritcrmalia  Nicholson  and  IIind(\     (Page  56.) 
[Sec  iilso  VI  XXI,  fiB«.  0,7.] 

5.  A  view  of  the  type  specimen  of  the  s  nail  fenestruled  form,  which  Nicholsum 

and  liinde  appan  ntly  consider  d  as  tyi)iciil  C.  frondoffa. 
(».  Natural-sized  vi:w  of  ano(!»  r  (;f  Hall's  typi*  sp:  ciniens,.lat(  r  distinguished  by 
Nicholson  and  Hindi'  as  var.  itUtriHcdia. 
7,  S.  Knlarged  view  of  the  surf ac«',s!iowini^  tlio  zixecial  characters  in  In^th  sp<*cic»  and 
variety. 
I),  UK  1 1.  Three  fragments  of  zoaria,  showing  the  pointed  basal  cxtrenuty 
K(K*hester  shale,  Lockport,  N.  Y. 
Figs.  1,2.;^,  5,  0,7,  S  are  after  Hall,  Natural  History  of  New  York,  Paleontology  H,  1S52. 
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Lociilip(tra  amhigua  (Hall).     (Page  53.) 

Fui.  1.  An  outline  sketch,  natural  size,  illustrating  the  growth  of  this  species  and  intro- 
duced for  comparison  with  fig.  2. 
Waldron  shale,  Waldron,  Ind. 

Loadipora  ulrichi  n.  sp.     (Page  33.) 

2.  Sketch  of  a  zoarium,  natural  size,  showing  the  narrow  elongate  basal  portion. 

Rochester  shale,  Grimsby,  Ontario. 

AcarUhodema  asperum  (Hall).     (Page  58.) 
[See  also  PI.  XXIV,  flgs.  7-9:  PI.  XXV,  flge.  17-20.1 

3.  Vertical  section,  X  20,  showing  the  growth  of  the  zooecia  from  a  central  line. 

4.  Tangential  section,  X  20,  passing  through  the  mature  region  and  illustrating  the 

elongate-oval  zoa^cia, solid  interspaces,  and  numerous  granular-like  acanthoporcs. 

5.  Tninsverse  section,  X  20,  exhibiting  tho  zooecia  radiating  from  the  central  axis. 

Rochester  shale,  Ix)ckport,  N.  Y. 

Clnthropora  frondosa  Hall.     (Page  56.) 
[See  also  Pi.  XX,  flgA.&-lI.] 

().  A  vertical  section,  X  20,  illustrating  the   bifoliate  growth,  the  hemisepta,  and 

the  general  .shape  of  the  zcKPcia. 
7.  Tang(*ntial  srction,  X  20,  with  the  characU'ristic  wall  structure  of  the  genus. 

Rochi'ster  shah',  Ix)ckport,  N.  Y.  * 

Xfiruitopora  minuin  (HhIH.     (Page  58.) 

[S<»cals<>  PI.  XVIII.  fip.  10.] 

8,  9.  Two  ttingintial  s(cti<>ns  passing  through  portions  of  mature  region  and  exhibiting 
the  long,  oval  zo<rcia  and  the  numenms  small  acanthoporrs 

10.  Vertical  section,  X  20. 

11.  A  portion  of  fig.  10,  X  40,  illustrating  the  aranthoporcs  pirrcing  the  int^rzooMiial 

thickening. 

R(K'he.st'T  shale,  (irimaby,  Ontario. 

Dia nifftfp pora  (liclu)toma  MhW.     (Page  62.) 
[.<;<»«'  also  Pi.  XXIV,  n^s.  2R-,30.1 

12.  A  vertical  .se<'tion,  X  20,  with  the  opposite  sides  brought  closer  together  than  in  the 

specimen. 

13.  A  tangential  .secticm,  X  20,  pa.ssiflg  thnnigli  l>oth  matun^  and  immature  regions  and 

bringing  out  especially  the  shape  of  the  primitive  zocecia. 
Rwhester  shale,  Tj<H'ki>ort,  \.  Y. 

Pachydutija  erofisa  (Hall).     (Page  57.) 

[SpohIko  pi   XVIII,  figs.  11,12.1 

14,  15.  Vertical  and  tangential  sections,  X  20,  illustrating  the  internal  .structure  of  the 

Rochester  form. 

1().  Porticm  of  a  transverse  sect i«ni,  X  20,  intn>duc**d  to  show  the  mesial  tubuli. 

Rochester  sliaK*.  L(X'k|K)rt,  X.  Y. 
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Phstnopora  fimhriata  canadensis  n.  var.     (Page  55.) 

Fio.  17.  Outline  of  the  most  complete  zoarium  seen,  natural  size. 

18.  Surface  of  same,  X  8. 

19.  Tangential  section,  X  20,  showing  the  two  small  pores  at  the  end  of  the  zooecia. 

Rochester  shale,  Grimsby,  Ontario. 

Phssnopora  firnbrUUa  James.     (Page  55.) 

20.  Portion  of  a  tangential  section,  X  20,  introduced  for  comparison  with  fig.  19. 

Clinton  limestone,  Dayton,  Ohio. 
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PLATE  XXII. 

LicKerudui  atncerUrica  Hall.     (Page  61.) 

[See  also  PI.  XXVI,  figs.  7-10.) 

Fig.     1.  A  tangential  8t»ction,  X  6,  passing  clo8<^  to  the  surfaw  of  the  zoarium  and  cutting 
onp  of  the  meandering  canals. 

2.  Portion  of  a  tangi>ntial  section,  X  2(),  cutting  the  high  anterior  end  of  the  peri- 

stome and  a  few  of  the  connecting  walls. 

3.  A  tangential  section,  X  20,  passing  through  a  lower  portion  of  the  zoarium  than 

in  fig.  2.  The  lower  portion  of  the  figure  illustrates  the  zooecia  and  mesopore- 
like  structures  of  the  mature  region,  the  middle  portion,  the  oblong  or  rectan- 
gular shape  of  the  zocpcia  in  the  immature  zone,  while  in  the  upper  part  of  the 
di awing  are  shown  portions  of  the  concentric  rings  of  the  epithcca. 

4.  A  portion  of  a  tangential  section,  X  20,  illustrating  the  nature  of  the  walls  of 

the  mesopore  spaces. 

5.  A  vertical  section,  X  20,  illustrating  the  following  characters:  2,  the;  zocrcia;  c,  one 

of  the  canals,  covered  above:  u  ft,  undulating  base  of  zoarium;  w,  walls  forming 
the  mesopore-like  spacen;  p,  the  extremely  high  posterior  portion  of  the  peri- 
stome; fl,  the  low  anterior  portion  of  the  peristome;  and  p',  a  posterior  portion 
of  the  peristome  cut  obliquely. 

6.  A  more  diagrammatic  vertical  section,  X  20,  showing  especially  the  low  and  high 

portions  of  the  peristome  and  the  walls  of  the  interzocccial  spaces. 
Rochester  shale,  Ii<K'kport,  \.  Y. 

StidotnjjHi  punctipora  (Ilttll).     (Page  61.) 
[See  hIm)  PI.  XXIV,  figs.  26,  27.) 

7.  A  nearly  complete  zoarium,  natural  size,  illustrating  the  usual  method  of  growth. 

8.  A  portion  of  tlie  surfac.'  of  th(»  saint*,   X  20,  showing  the  eharact4»ristie   notch 

«»r  cleft  in  the  anterior  part  of  the  piristonie. 
K(M'ln\ster  .shale,  (irimsby,  C)ntario. 

9.  A  portion  of  a  tangential  section,  X  20,  pai*.sing  through  Ixjth  mature;  and  imma- 

ture regions  and  illustrating  especially  the  rhomboidal  shape  of  the  immature 
zoo'cia. 

10.  -V  tangential  section  through  the  mature  region,  X  20. 

11.  A  vertical  section,  X  20. 

Roelicster  shale,  Lockport,  N.  Y. 

Khinopora  cnnxita  Jtingueherg.     (Page  (30.) 

12.  A  vertical  section,  X  20,  illustrating  the  bifoliate  growth  and  other  characU'rs. 

13.  Surface  of  a  typical  exaniph',  X  ^• 

Kochester  shale,  Grimsby,  Ontario. 

110 


U.  S.  QEOLOQICAL  SURVEY 


BULLETIN  NO.  292    PL.  XXII 


"^.J^ 


BRYOZOA  OF  THE  ROCHESTER  SHALE. 


PLATE    XXIII. 


Ill 


PLATE  XXIll. 

Pseudohomera  diffum  (Hall).     (Page  50.) 
[See  also  PI.  XVIII,  figs.  «-9.1 

Fio.    1.  Transverse  section  of  a  brancli,  X  18,  showing  central  lann'na. 

2.  Tangential  section,  X  18. 

3.  Vertical  si^ction,  X  18,  showing  thick  basal  plate,  the  form  of  the  zooecia,  and 

the  abortive  c<^lls  beneath  the  central  lamina, 
liochester  shale,  Ixwkport,  N.  Y. 

Diflodema  sparsurn  (Hall).     (Page  17.) 
[See  also  PI.  V,  flga.  6,  7.) 

4.  Tangential  section,  X 18,  cutting  the  zocecia  at  varying  levels  l)etween  the  aper- 

tures and  the  median  line. 
*      5,  ().  Two  transver8<»  sections,  X  30,  showing  the  central  lamina. 
Rochester  shale,  Jjockport,  N.  Y. 

Rhinopora  iterrucoaa  Hall.     (Introduc^^d  for  comparison.) 

7.  Fragment,  natural  size,  showing  the  covered  canals. 

8.  A  fragment  in  which  the  canals  are  apparently  al)sent.     This  specimen  closely 

re,sembles  the  zoarium  of  Rhinopora  curvata. 

9.  Enlargc^ment  of  fig.  8,  showing  the  arrangement  of  the  zooecia. 

Clinton  formation,  Flamborough  Head»  Canada. 

(\rloclei)ta  cawrnoKa  ii.  sf).     (Page  21.) 

10.  A  zoarium,  X  l.-^,  showing  the  utricular  form  of  growth. 

11.  A  still  further  rnlargement  of  the  s^ame  specimen,  exhibiting  the  arrangement  of 

the  zod'ciu. 

12.  A  vertical  st'ction,  X  20,  through  one  of  the  sid(\s  of  the  zoarium. 

13.  Tangential  section,  X  20. 

R(.)chester  shale,  I^ockport ,  X.  Y. 

FistulifH)ra  tuherculona  Hall.     (Page  23.) 
|Se<»  also  PI.  VII,  fip.s.  H    l.'i;  PI.  VIII.  figM.  7,  S.J 

14.  A  eharacttTisfic  sp<'ciinen.  X  2,  .showing  the  usual   utricular  method  of  growth. 

Kocluvster  shale,  Lockport,  N.  Y. 

Fi.slidi]x)fa  cruslida  n.  sp.     (Page  24.) 
fSe«'  rtlHo  PI.  VII.  ngs.  7-10:   PI.  VIII,  figs.  16,  17.) 

15.  A  zoarium,    •    2. 

Rochester  shale,  Loekport,  N.  Y. 

Tniii(itojH>ia  ir?iitjith/i  lllrich.     (Page  44.) 
|See  hIso  pi.  XXVII,  figs.  Ifi,  17.] 

10.  A  frafxmciit,  natural  size. 
17.  Surl"uecw)f  same,  '<   IS. 

Waldron  shale,  WaUlron,  Iml. 
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Liodema  muldporum  n.  sp.     (Page  34.y  ^ 

ISec  also  PI.  XI,  figs.  4-«;  PI.  XXVII,  fig.  20.] 

Fig.  18.  A  zoarium,  X  2,  incrusting  an  Atrypa. 
Roche8t<^r  shale,  Lockport,  N.  Y. 

Liodema  peculiare  n.  sp.     (Page  35.) 
[See  also  PI.  XXV,  fig.  13.1 

19.  A  vertical  section,  X  20,  showing  two  layera  of  zooecia. 

20.  Tangential  section,  X  20,  exhibiting  the  many  small  acanthopores. 

21.  Several  zocecia  and  mcsopons,  X  3.5,  showing  the  wall  structure. 

22.  Surface  of  one  of  the  types,  X  20. 

Rochester  shale,  Lockport,  N.  Y. 

Figs.  1  to  4  an'  copied  from  Ulrich,  Geological  Survey  of  Illinois,  VllI;  7  to  9  from  Hall, 
Natural  History  of  Nvw  York,  Paleontology'  11;  16  and  17  from  Ulrich,  American  Paleo- 
zoic Bryozoa. 
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PLATE  XXIV. 

[ITnless  otherwise  stated,  all  the  flgures  on  this  plate  am  copied  from  Hall,  Nat.  Hist.  N«w  York,  Pal. 

II,  1862.] 

NichoUoneOaflorida  (Hall).     (Page  38.) 

[See  also  PI.  XIV,  figs.  10, 11.] 

Fias.  1,  2.  Zoaria  enlarged  and  natural  size  respectively.  In  upper  half  of  fig.  1  the  flori- 
form  apertures  are  shown  while  a  .species  of  Liodema  incni.sts  a  portion  of 
the  lower  half. 

Rochester  shale,  Lockport,  N.  Y. 

Eridotrypa  Mriaia  (Hall).     (Page  32.) 
iac«  also  PI.  XII.  flg.s.  4-6;  PI.  XXV,  fig.  14.] 

3,  4.  Enlarged  and  natural-size  views  of  the  ha^al  part  of  a  zoarium. 

5.  A  portion  of  fig.  3  enlarged  to  show  the  striated  appearance  of  the  z<KBcia 

toward  the  base. 

6.  A  fragment  of  a  zoarium,  natural  size. 

Rochester  shale,  Lockport,  N.  Y. 

Acanihodema  CMperum  (Hall).     (Page  58.) 

(S<*!  also  I'l.  XXI.  figs.  .V5;   VI.  XXV,  fig^.  17-20.] 

7,  8.  Three  fragments  of  zoaria,  natural  size. 

9.  A  portion  of  fig.  7  enlarged,  showing  the  numenm.s  small  acanthopores  indent- 
ing the  elongate-oval  zooecia. 

Roche,stor  .shale,  Lockport,  N.  Y. 

Batosiomella  granuUfera  (Hall).     ( Page  28. ) 

1S«^  also  PI.  XIII.  fig.-*.  l-.'S;  PI.  XXV,  fig.s.  11,  12.] 

10.  Fragment  of  a  zoarium,  natural  size,  showinj^  the  usual  growth. 

11.  Surface  of  a  fragment,  enlarged. 

Rochester  sliaie,  I^ockport,  N,  Y. 

Bi/tfutf)()ra  Hjnnulosa  (Hall).     (Page  20.) 
jSw  jilso  IM.  XIII.  figs,  r.,  7.1 

12.  A  fnigment,  natural  .siz€%  rather  more  robust  than  usual. 

13.  Surface  of  .same  enlarged,  showing  tli<^  .sharp  spines. 

Rochester  shale,  Lock|)ort,  N.  Y. 

L'wclerua  nspernin  (Hall).     (P«ige  Ji2.) 
[S<'<'nlso  IM.  XI.  figs.  1-3.] 

14.  An  undulating  expansion  of  this  sp(»cies,  natural  size. 

15,  10.  Two   enlargements  of   the  .surface,  exhibiting   the   numerous   mesopores  and 
large  acanthopores. 

Rochester  shale,  Ijockporl ,  N.  Y. 
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Idioirypa  punctata  (Hall).     (Page  40.) 
[See.  also  PI.  XVII,  ftga.  4^0.] 

Fio.      17.  View  of  Hall's  type,  natural  size,  growing  about  a  crinoid  column. 

18.  Surface  of  same,  enlarged. 

19.  View  of  a  transverse  section  of  the  type. 

Rochester  shale,  Lockport,  N.  Y. 

Eridatrypa  solida  (Hall).     (Page  30.) 
I&v  also  PI.  XII,  figs.  7-9;  PI.  XXV,  fig.  IB.) 

20.  A  small  fragment,  natural  size. 

21,22, 23.  Three  views  of  the  surface  of  a  zoariuni,  enlarged. 
RcK'hester  .shale,  Lockport,  N.  Y. 

Ftilopordla  nenxiia  (Nicholson).     (Page  51.) 

[Sw  also  PI.  XXVI,  figs.  5.  li.J 

24,  25.  Natural  size  and  enlarged  views  of  the  noncellullferous  face.     (After  Nicholson, 
(Jeol.  Survey  Ohio,  Pal.  H,  PI.  XXV,  figs.  11.  11a. 
Niagara  limestone,  Cedar\Mlle,  Ohio. 

StictotryjHi  pitnetipora  (Hall).     (Page  61.) 

[Sjv  also  IM.  XXII.  ng.s.  7-11.] 

26,  27.  Natuml  size  and  enlarged  views  of  a  fragment  showing  the  arrangement  and 
.shape  of  the  zooecia. 

R<K*hexter  .shale,  Lockport,  N.  Y. 

Diamenopora  diehotoma  (Hall).     (Page  62.) 

[See  also  PI.  XXI.  figs.  12.  1.^) 

28.  Fragment  of  a  zoarium  .showing  the  characteristic  hollow  st^ms. 
29,  30.  Two  views  of  the  .surface,  enlarge<l. 

Rochester  .shale,  Lockport,  N.  Y. 
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EridoiryjKi  nodxdosa  n.  sp.     (Page  30.) 

[See  also  PI.  XI.  figs.  14,  15.) 

Fio8.  I,  2,  3.  Three  fragments,  X  2,  illustrating  the  variation  in  the  shape  of  the  tubert-les. 
Rochester  shnle,  Ijockport,  N.  Y. 

Diplotrypa  tvalkeri  n.  sp.     (Page  47.) 

[Sc3e  also  PI.  XT  V.  figs.  1-5.J 

4.  An  average  complete  zoarium  of  this  species,  X  2. 
Rochester  shale,  Grimsby,  Ontario. 

LioclemeUa  maccomhi  n.  sp.     (Page  36.) 

(See  also  PI.  XT,  figs.  7-lO.J 

5,  6,  7.  Three  nearly  complete  zoaria,  X  2,  showing  the  unbranched  and  baaally 
pointed  features. 

Rochester  shale,  Lockport,  N.  Y. 

Trejnatopora  tuhtrculosa  (Hall).     (Page  43.) 

18«>«»also  PL  XIII.  figs.  15.  1«*»;  PI.  XVII,  figs.  1-3.] ' 

8.  A  fragment  of  n  zoarium ,  X  2,  showing  the  usual  conspicuous  tubercles. 
Rochester  shale,  Lockport,  N.  Y. 

Liocler»a  ramulosum  n.  sp.     (Page  35.) 

ISocalso  PI.  XI.  figs.  11-13.) 

9,  10.  Two  fnigments,  X  2,  ilUist  rating  the  u.siial  characters  of  the  species. 
Roclipstcr  .slialc,  I-KM-k|>ort,  N.  Y. 

Batoiilow  el  I  a  (jran  ulifera  (Hall).      ( Page  28. ) 

(Si'enlso  PI.  XIII,  flgs    1-5;    I'l.  .X  X  IV.  figs.  10.  11.) 

11,  12.  Two  fraginerilarv  examples,  X  2. 

RcK'licstcr  .shale,  Lockport,  N.  \. 

Liodema  ftecuhare  \\.  sp.     (Page  35.) 

iSooalso  PI.  XX  I II.  fig.s.  19-22. J 

18.  A  zoarium  iiu'rusting  a  RhipichUreta ,  X  2. 
RcK'licstcr  shale,  Ijockport,  N.  Y. 

Eridotrypa  f^tnata  (Hall).     (Page  32.) 

Soo  also  PI.  XII.  figs.  4-0;  PI.  XXIV,  figs.  3-6.) 

14.  A  fragment,  X  2,  introduced  for  comparison  with  fig.  15. 
Rochester  shale,  Lockport,  N.  Y. 
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Eridotrypa  spinosa  n.  sp.     (Page  29. ) 

ISco  also  PI.  XII,  flga.  1-3.] 

Fio.  15.  A  fragment,  X  2,  showing  the  laiger  sisse  of  the  branch  and  zocecia  distinguishing 
the  species  from  E.  striata. 
Rochester  shale,  Rochester,  N.  Y. 

Eridotrypa  aolida  (Hall).     (Page  dO.) 

(Soo  also  PI.  XII,  figs.  7-9;  PI.  XXIV,  Ogs.  20-23.) 

16.  Portion  of  a  zoarium,  X  2. 

Rochester  shale,  liockport,  N.  Y. 

Acanthodema  aaperum  (Hall).     (Page  58.) 

[Siw  also  PI.  XXI,  Ogs.  »-5;  PI.  XXIV,  flgs.  7-9.) 

17-20.  Four  fragments,  X  2.  illustrating   the  usual   characters  of  specimens  found  in 
washings. 
Rochester  shale,  Lockport,  N.  Y. 

Rhambotrypa  npimdifera  n.  sp.     (Page  37.) 

[Sw  also  PI.  X,  flgs.  13-16.) 

21.  Portion  of  a  zoarium,  X  2,  illustrating  the  usual  shape  of  the  fragments  found. 
Rochester  shale,  Rochester,  N.  Y. 

Locidipora  ulrichi  n.  sp.     (Page  53.) 

[Sw  also  PI.  XXI.  fig.  2.) 

22-24.  Three  fragments  of  the  basal  portions  of  zoaria,  X  2. 
Rochester  shale,  Grimsby,  Ontario. 
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tlridotrypa  similis  ii.  sp.     (Page  31.) 

(Soc  aUo  in.  XII,  flga.  10-14.] 

Fiua.  1,2.  Two  nearly  complete  zoaria,  X  13. 

Rochester  sliale,  Grimsby,  Ontario. 

Cdllopora  magnopora  Foerstx^.     (Page  42.) 
[Sw  also  PI.  XV,  ngs.  l-«.] 

3.  Fragment  of  a  zoarium,  X  1-3.  .showing  the  thickness  of  the  branch. 

Rochester  shale,  Grimsby,  Ontario. 

Liodenia  exflanatum  n.  sp.     (Page  33.) 
[S«j  also  ri.  XIII.  flga.  R-10.] 

4.  Basal  view  of  a  complete  zoarium,  X  1.3,  showing  the  undulating  epitheca. 

Rochester  shale,  Rochester,  N.  Y. 

PtiloporelJa  nenxita  (Nicholson).     ( Pago  51 . ) 

ISof  also  ri.  XXIV,  figs.  24.  25. J 

5,  0.  Noncelluliferous  and  celluliferous  faces  of  two  zoaria,  X  1.3,  exhibiting  the 
prominent  primary  branches. 

Rochester  s\\w\v,  Grimsby,  Ontario. 

Lichenalia  concmtrica  Hall.      (Page  01.) 

IS<>o  also  n.  XXll.  lips.  !-(>.] 

7,8.  Views  of  two  young  examples,  natural  .size,  showing  the  sul)circular  laminar 
z(Krcia. 
9.  A  portion  of  a  zoarium,  natural  size,  exhibiting  the  characteristic  concentric 
undulations  of  the  epitheca. 

10.  A  portion  of  the  epilliecated  side,  enlarged. 

(Figs.  7  to  10  Hiter  Hall.  Nat.  Ili.st.  New  York,  Pal.  11,  1852,  pi.  40E.) 
Rochester  shale,  Lockport,  N.  Y. 

MonvtnjjMi  hen ja nam  n.  sp.     (Page  40.) 
IS<"»^  also  V\.  XVI.  figs.  ThO.J 

11.  A  zoarium,  X  3,  .split  through  its  length  to  show  the  chanw-teristic  crenulated 

z(Hi'cial  walls. 

Rochester  shale,  Rochester,  N.  Y. 

Cailopora  elcgantuln  Hall.     (Page  41.) 
[St^>  also  PI.  XVII,  flgs.  11-16.J 

12.  Fragment  of  a  zoarium,  X  3,  exhibiting  the  u.sual  arrangement  of  zocecia  and 

mesopores.     Many  of  the  zmrcia  art*  clased  by  op(>rcula. 
Rochester  shale,  Rochester,  N.  Y. 
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Thamniscua  <ik'hoiofnu«  {HaW).     (P»iRti.>4.) 
[Stvalfto  IM.  XVIII.  lips.  17-19.]  . 

Fkj.  1.  Surfuco  vi«»w  of  ii  younj;  example,  X  2(),  showing  tlio  Kcpiiratiiig  ridges. 

2.  Portion  of  tlio  siirfH<'i»  of  a  nion»  mature  example,  X  20,  in  wliieh  the  ridges  an?  Ii^hs 

marked  and  the  granules  more  pronounced. 

3.  View  of  the  noneelluliferous  side  of  a  young  example,  X  2(),  in  which  Uie  <*har- 

acteristic  granul<.)so  striie  an>  well  exhibited. 

4.  (Vlluliferous  and  noneelluliferous  faces  of  two  zoaria,  natural  size,  exhibiting  the 

charact<>ristic  dichot-omous  branching. 
T).  Tangential  .s(»ction,  X  2(),  passing  clo«»  to  the  surface  of  the  C4>lluliferou8  side. 
6, 7.  Two  vertical  sections,  X  20. 

Rochester  shale.  (Irimsby.  Ontario. 

PhienojMra  ensiformut  Hall.     (Piige  55.) 

8, 9.  Tangential  and  vertical  s<'ctions,  resptn'tively,  X  2(),sht>wing  the  internal  structure. 
Kochest^T  shale,  Grimsby,  Ontario. 

Tieniodiciya  Hchucherti  n.  sp.     (Page  57.) 

10.  Vertical  s»>ction.  X  20. 

11.  Tangential  s<»<'tion,  X  20,  in  which   the  zoojcia  have  thick(;ned   walls  and   arc 

arranged  less  regularly  than  usual. 

12.  Porti<m  of  tangential  section.  X  20,  .showing  the  usual  arrang»»ment  of  the  zooicia. 
l.S.  Outline  sketcli.  natural  size,  of  lh(^  type  of  the  sp<Mie,s. 

llochestcr  sliale.  Grimsby,  Ontario. 

TremniojHmi  spicuUita  Hall.      (Page  45.) 

14,  15.  Tangential  and  vcrtictil  sections,  respectively,  X  20. 
K(Mhester  shale.  Lo(kjx)rt ,  N.  Y. 

TreinatofHmi  whitjivhii  I'lrich.      (Page  44.) 

[See  also  Tl.  XXIII.  figH.  10,  17.] 

1(),  17.  Vertical  and  tangential  sections,  X  20. 
Waldron  .<hale.  Waldron,  Ind. 

Lioch'tnn  tjlohiilare  n.  sp.     ( Page  35.) 

IS,  Vertieal  section.  X  20.  showing  the  absi'iice  of  diaphragms  in  the  z(Hrcia,and  the 

irregular  tabulation  of  the  meso|>ores. 
P.).  Tangential  .*M'ction,  , '  20,  exhibit  ing  the  thin-walled  zoujcia  and  few acanthoporcs. 
i^)chestcr  shale,  Lock|)ort,  X.  Y. 

L'loclfiini  mnlti/>f)rum  n.  sp.     (Page  34.) 

[Src  ul.M)  IM.  XI.  figs.  4  r,;   1>1.  XXIII,  fig.  18.] 

20.  A  vertical  section.        20,  of  the  subramoH'  form. 
Kochester  .shale,  Rochester,  N.  Y. 
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PLATE  XXVIII. 

Slab  about  two-thirds  natural  size,  sho^cing  abundanre  of  bryozoan  remains  upon  surface. 
Tho  limestone  layer,  of  which  this  slab  is  a  portion,  is  made  up  almost  entirely  of  bryosoa. 
Rochester  shale,  pulp  mill  along  Erie  Canal,  Lockport,  N.  Y. 
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PLATE  XXIX. 

A  portion  of  the  surface  of  slab  figured  on  PI.  XXVIII  magnified  about  one  and  a  half 
times.  In  this  particular  spec'imen  the  solid  and  hollow  ramose  forms  are  particularly 
abundant. 

Rochester  shale,  pulp  mill  along  Erie  Canal,  L(K*kport,  N.  Y. 
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PLATK  XXX. 

View  of  a  fragment  of  a  thin  limcstono  layer,  magnified  two  diameters.  In  this  layer  the 
.slender  ramose  species  such  as  Dijilodema  sjtarsum,  Nematopora  minttiaf  and  Aean- 
tkodema  as])frum  are  particularly  abundant. 

Koche,ster  shale,  near  locks  of  Eric  Canal,  Lockport,  N.  Y. 
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PLATE  XXXI. 

A  portion  of  the  surface  of  a  slab,  magnified  about  two  diameters,  showing  more  numerous 
fenesteliids  than  on  tho  other  specimens  figured.    Tlic  ramose  specimen  in  the  central 
part  of  the  plate  is  a  typicrJ  example  of  Diamewpora  dichotoma. 
Rochester  shale,  Niagara  Gorge,  New  York. 

134 


U.  S.  GEOLOGICAL  SURVEY 


BULLETIN  NO.  292  PL.  XXXI 


MM. 

.■;   f 


BRYOZOA  OF  THE  ROCHESTER  SHALE 


INDEX. 


INamcs  in  italic  are  of  synonyms;  figures  in  black-faoe  type  show  location  of  descriptions;  figures  lo 

italic  refer  to  illustrations.) 


A.  Page. 

Acanthoclcniu 58 

a.sppnim 4, 

r>.  H,  28,  ftH,  ao,  03.  t»5, 70, 106^116, 121,  ISJ 

Acknowledgments  to  those  aiding 1 

Allonemu IS 

waldronense 6,ll,lZ,G3,70,72 

Amplcxoporidif 87 

Arthropora 13 

Arthrostylida? 68-69 

Ascodlctyon 14, 15 

radians 12 

radiciforme 10, 63 

Hiluriensc 0, 10, 1 1, 14,63, 7f 

stcllatum 10, 14 

var.  sUurienae 14,63 

Ascodictyonidflp 14 

Astroeerium  constrictum 46 

Aulopora  comprcssu 16 

con8imili8 16, 63 

sp .' 15 

B. 

Batostomella 28-29 

aapera 58, 63 

granulifera 4, 

6, 8, 2H-29, 35, 63, 65, 70, 90,  tl6, 120 

BatostoracllIdR; 2,28-S6 

Borenicea 16-17,18 

eonslmlllfl 6, 16, 16-17, 63, 65, 7-f 

elegans 16, 63 

membranacea 16, 63 

Bibliography 8-11 

Bryoxoa,  abundanm  of 4 

changes  In 2 

eoilecting  of 4 

descriptions  of 11-63 

distribution  of 3-4 

previous  work  on 1 

range  and  abundance  of 6-7 

Build  was  beds,  bryozoa  of 8 

Bythopora 29 

splnulosa 6, 8, 29, 63, 65, 70,  flO,  116 

C. 

Callopora 8, 40-43 

aspfra 8,9, 32. 63 

clausa 6, 8, 40, 42, 63.  »4 

elcgantula 6, 8, 9, 40-4 1 ,  63, 70, 98, 12^ 

florida 8,9,22, 38,63 

laminala 8. 9, 22, 63 

magnopora 6, 41, 42-4S,  63, 94. 124 

nana •. 41 ,  42 

nummiformin 8,27,63 

perplegans 41 


Pago. 

Callopora  ramosa 41 

«p 35 

Caltoporella  nummt/ormta 27,63 

Calloporida; 40-4S 

Cayugan  time,  bryozoa  of 2 

Ceramopora 8, 18-20, 21 

foliacta 8, 25, 63 

ImbricaU 6,8,9,18, 19, 20, 27, 63, 7ff 

incruniana 8, 24, 63 

labecula 20 

niagaronsis 6,8, 19-20,21,  &3, 7if 

orbiculata 20 

Ceramopopella 20-21, 24 

distincta 21 

Irregularis 6,21,63,a« 

orbiculata 6, 9, 20, 63, 70, «? 

Ceramoporidsc 14,  lH-22 

Chaeietci  expansua 9,  ft,  63 

Chllostomata 2, 39 

Chilotrypa 9,24-26,62 

coalescent 24, 25, 63 

ostlolata 4, 6. 8, 24-26, 63, 65, 70,  SO,  82 

Clathropora 8,9,66-67 

alcicornis 6,8,66-67,63, 104 

f  rondosa 6, 8, 9, 66, 63,  /Off 

f rondosa  intermedia 6, 66, 03,  /04 

intermedia 9, 56, 63 

Clonopora 18 

CcBloclema 21,69, 62 

cavernosa 6, 21 ,  63, 70,  /  /« 

Constellaria 39 

Constella rildai 87-69 

Coscinium 9 

Cryptostomata 2, 48-6S 

Ctenostomata 2, 11-14 

Cumulipora 39 

Cydostomata 2, 14-26 

Cyrtla 5 

D. 

Diamesopora 9,50,62-68 

dlchotoma 6, 8, 61, 62-68, 70, /Off, //7,/5^ 

Dtaatopora  consimiha 10, 10,63 

Diastoporella  conaimilU 16 

DIastoporida? 14-17 

Dlploclema 9, 1 7-18 

rcgularis 17 

aparsa 17 

sparsum 6, 8, 17, 63, 65, 70, 74.  tit,  132 

sparsum  var.  argutum 6, 17-18, 63,70, 7if 

DIplot  rypa 47-48 

mtlleri 27, 63 

walkeri 6,28,35,47-48,63,Pf,/iO 

135 


136 


INDEX. 


J'age. 

Drymotrppa 9, 49 

diffusa 50,63 

niagarensia 63 

E. 

England,  bryoEoa  of 4 

Entalophora 18 

Entalophoridaj 17-18 

Eridotrypa 29-32 

appressa 31 

briareus 32 

muUbills 29,32 

nodulosa 6, 29, 80, 44, 63, », /JO 

simlUs 6,Sl-«2,64,«8,/«^ 

solida 6,8,29,SO-Sl,64,65,88,/f/ 

splnosa 6, 8, 29, 29-80, 32, 64, 88,  tl7,  Hi 

striata 6,8,29,8«,64,65,70,«8,//ff,/iO 

Erie  Canal,  bryozoa  along 3 

Escharopora 13 

F. 

Fenesteila 60-51,52 

cribrofla 6, 8, 60-61, 64, 70, /OJ 

elcgans 6,8,50,61,64, 70, /Of 

nervata 9,51,64 

perforata 62 

tenuicepB 8, 9, 52, 64 

«p 49 

FenestellldfiB 4, 50-64 

Flstullpora 12,22-24,69,60 

crustula 6, 8, 24, 63, 64, 70, 7S,«>,//« 

lamlnata 6, 22-28, 63, 64, 7S,  90 

lockportcnsis 6,23,64, 75 

tuberculosa 6,21,28,64,65, 78,90,  lit 

FistuHporidaj 2, 14, 22-26 

Focrste,  A.  F.,  on  Osgood  beds 5 

G. 
Grimsby,  Ont.,  bryozoa  from 4 


II. 

Hall.  James,  work  of 1,3 

Hclflri'tK'rgiHii  Hmr,  bryozoa  of 2 

ll*4i>p(;irii  /rii]L,rili^ 2 

npUToni?mK 11 

Bc'trratryplcltP 27-2H 

HoldiCI'stitcs.       5 

DomolTy  f -ji 9 

confluens 31 

slmilis 31 

?  solida 30, 64 

Hornrra  (?)  dichotoma 8,9,54,64 

I. 

Idlotrypa 30-40 

parasl  tica •. 39, 40, 64 

punctata 6,8,4O,64,65,70,5S,//7 

Indiana,  bryozoa  of 6-7 

Intricaria  clatbrata 49 

L. 
LfiocUma  florida 38, 64 

laniinatum 22 

Leptotrypa  maculata 22, 64 

Llchcnalla 8, 9, 59, 60-6 1 

conccntrica- 6, 8, 9, 25, 26, 60, 61 ,  fri,  110, 1J4 


Page 

Lloclema 9,12,82-86,37 

aspenim 6, 8, 82-88. 34, 63, 64, 70, 89, //0 

d  rcinctum 6, 32, 84, 64, 00 

ezplanatum 6,8,32,88,34,38,64,00, /24 

florida 38,64 

ftoridum 38 

globulare 6,28,86.64,/« 

llaminata 22,64 

mulUponim....  6, 8, 32, 33, 84, 64, 70, W,//5, /iff 

pecnUare 6, 8, 86-80, 64, //5, /SO 

ramulosum 6, 8, 28, 32, 86, 64, 49, /lO 

Lioclemclla 86 

fusiformis 36 

maccombi 6, 8, 86, 64, 70, 49. /SO 

ohioensis 36 

subfuslTormis 36 

Literature,  list  of. 8-11 

Lockport,  N.  Y.,  bryozoa  near 3 

Locullpora 62-68 

amblgua 53,  /OO 

ambigua  var.  precu  rsor 6, 8, 68, 64,  /Off 

gothlandica. 53 

ulrichl 6, 8, 68, 64, 70, /Off, /f/ 


Medina  time,  bryozoa  of 2 

Meekopora ^ 26-26 

follacea 6,8, 26-26,63,64,«0,  W 

Mesotrypa 27 

milleri 27, 64 

nummiformls 6, 8, 19, 27,63,64. fi^ 

Middleport,  N.  Y.,  bryozoa  at 3 

Mltoclema 18 

•     sariei 6,8,18,64,74 

Monotrypa 46-47, 48 

l^njamlni 6, 8, 46-4  7 ,  64, «?,  124 

corrugata. 74 

osgoodensis 6, 8, 46, 64, ^ 

podlculata 7,8,47,64.flff 

MontkuLiporid^ 26-27 

N. 

Nematopora. 58-59 

mlnuta 7,68-59,64,65, 70, 100,606, JSt 

New  York,  bryozoa  In 2,3,6-7 

Niagara  gorge,  bryozoa  in 3 

Niagaran  rocks,  bryozoa  of 2 

divisions  of 5 

Nicholsonella 37-39 

florida 7,8,22,33,88,39,63,64,W,//ff 

laminatum 22 

ri nguel)ergl 7, 38, 30, 64 ,  Pf 

Nucleosplra 5 

O. 

Ohio,  bryozoa  in 2 

Ontjirii),  bryonm  in 2,3-4,6-7 

Orbigny^'l  I* 26-27 

expansa 7, 26, 27, 46, 47, 64,  «4 

lamellosa 26 

magnopora 7, 27,64, fi^ 

Orthoccras 21 

Osgood  l>eds,  correlation  of  Rochester  shale 

and 5 

description  of 5 

fossils  of,  abundance  of 6-8 

Oswogan  time,  bryozoa  of ; . .         2 


INDEX. 


137 


P  Page. 

Pachydlctya 2,57 

craaaa 7,«,54,57,W,65,70,/00,/(» 

scitula 57, 64 

Paieschara  ?  aspera 22,64 

maculata 22,64 

Pcttlt,  — ,  bryoroa  collected  by 4 

Phtpnopora 2, 65 

cnsiformlB 7,66,64,65,70,  /jW 

nmbriata , 55,  /07 

var.  canadensis 7, 66,64, 107 

Phylloporina 48,49 

ttj»porato-8triala 7, 8, 48, 64, 65, 70, /OO 

Phylloporinlda? 4,48-60 

Plsofrinus 5 

Platystoma 22 

Polypora 62 

inccpta 7, 8, 60, 62, 64, 70,  /0.» 

7  problomaticH 50 

Pseiidohornora 49-6') 

diffusa 7,9,49,60,64,65,70,100,//.' 

niagan^nsis 7, 49, 64, 65. 70,  /OO.  1C9 

Ptilodictya 65, 56 

crassa 57. 65 

ensiformis 55, 65 

fcncstrata 9 

Ptilodictyonldffi 66-67 

Ptlloporolla 61 

ncrvata 7, 61, 64. 65. 70,// 7, /£^ 

Ptychonema 46 

tabuiatus 46 

R. 

Rrtepora 54 

aspcro-striatum 8,9, 48, 65 

diffusa 8,9, 49,50,65 

Khabdomesontida? 68 

Rhinidictyonlda* 67 

Rhinopora 69-00,61 

curvata 7, 9, 59. 00, 65, //O 

tuberculosa 8, 23, 59, 65 

vorrucosa 2,50,60,  //« 

Rhlnoporidsr 59-63 

Rhombotrypa 87 

quad  rata 37 

splnullfera 7, 8, 87, 65,  &f ,  /-?/ 

Rhopalonaria 11-12 

attcnuala 4, 7. 10, 1 1  -1 2, 7f 

Rhopalonariida? 11-12 

Rhynchotrcta 6 

Rlngu««1x^rg,  E.  N.  S.,  work  of 3 

Rocho8t(T,  N.  Y.,  bryoxoa  at 3 

Rochester  shale,  bryozoa  In 2-4 

collecting  in 4 

correlation  of 5-8 

description  of 2-3 

fossllH  of,  abundanco  of 4,6-8 

distribut  Ion  of 2-4, 6-8 


Sagcnella 8 

eUgans 16, 65 

membranacra 8, 65 

Seienopora 24 

Senilcoaclnluin 51-62 

tcnuiccps 7. 62, 64. 65, 70.  /0« 

Silurian  rocks,  bryozoa  of 1, 2 


Page. 

Spatiopora 21-22 

lineata 21 

maculaU 7, 22, 64,65, 80,  M 

Spirifer 5  " 

nlagarensis 4 

Spiropora  rcgularis 17, 18 

Stephanocrinus 5 

Stictopora  cratia 57, 65 

dichotoma 54, 65 

punctipora 9, 65 

scUula 9,57,65 

Bimllls 9 

Stictoporellida^ 67 

Stletotrypa 9, 59, 01 

punctipora 7,8,01,65,70, tW,  117 

Stigmatolla 27-28 

globata 7, 28, 47, 65, 70,  fi« 

Stomatopora 14-10, 18 

delicatula 16 

dlssimills 7, 10, 15-10, 65, 7i 

dUsimilin  var.  tlongata 14, 65 

elongata 7,10, 14-16, 16,65, 7i 

parva 9, 14, 65 

recta 9,15,16,65 

Subrrtepora 49 

asperostrkUa 48, 65 

dichotoma 54, 65 

T. 

Tajniodictya 57 

schuchorti 7, 67, 65, 70,  /f« 

Tectulipora 52 

Thamniscus 9. 68-64 

dlchotomus 7, 8, 17, 64, 64, 65, 70. 100,  lie 

nlagarensis 9, 49, 65 

Thamnocella 49 

Tromatopora 8,9, 48-40 

aspera 8,58,65 

coaUscens 8, 9, 24, 25, 65 

granulifera 8, 28, 65 

minuta 58,65 

ontiolata 8,9,24»25,65 

punctata 8, 40, 65 

solida 8, 9, 30, 65 

aparaa 8,9,17,65 

splculata 7,8, 46-40,65, 70,  lt6 

spinuloM 8, 29, 45, 65 

striata 8, 32, 65 

tuberculosa 7,8, 

9. 30, 43-4  4 ,  45, 65, 70, 00,  «8, /iO 

whitfleldi 7, 44-46, 65,  Hi,  lt6 

Trematoporida; 48-48 

Trepostomata 2, 20-48 

V. 

VInclla 12-18,15 

?  multlradiata 7,  W,  11, 18, 65,  7« 

radlciformis 7, 10, II,  12,63,65, 7« 

Vinellldse...: 12-18 


W. 


Waldron  shale,  correlation  of   Rochester 

shale  and 5 

fossils  of.  abundance  of 6-8 

Wenlock  shales,  bryozoa  of 4, 8 


CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Bulletin  No.  292.] 

The  serial  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United  States — 
folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication;  the 
others  are  distributed  free.    A  circular  giving  complete  lists  may  l>e  had  on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulte<l  in  the  following  ways: 

1.  A  limite<l  numlier  are  delivered  to  the  Director  of  the  Survey,  from  whom  they 
may  be  obtaine<i,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
I>.  C,  from  whom  they  may  be  ha<l  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnisheil  to  the  i)rincii»al  jmblic 
libraries  in  the  large  cities  throughout  the  Unite<l  States,  where  they  may  be  con- 
sulted by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  number  issued  is  lai^.  They  have  therefore  l)een  classified 
into  the  following  series:  A,  Economic  geology;  B,  De8<Tiptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  E,  Chemistry  and 
physics;  F,  (reography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  lumping  water;  L,  Quality  of  Water;  M,  (Jeneral  hydrographic  investiga- 
tions; N,  Water  i)ower;  O,  Underground  waters;  P,  Hydrographic  i)rogress  reports. 
This  pai>er  is  the  seventy-eighth  in  Series  (/,  the  complete  list  of  which  follows 
(PP= Professional  Paper;  B=Bulletin;  WS= Water-Supply  Paper): 

SERIES  C.  SYSTEMATIC  GEOLOGY  AND  PALEONTOLOGY. 

B  3.  Fomil  faunas  of  Upper  Devonian,  alon^  the  meridian  76°  30^,  from  TompkinH  Oiunty,  New 

York,  to  Bradford  County,  Pennsylvania,  by  H.  S.  Williams.    1884.    36  pp.     (Outof  stotrk.) 
B  4.  Mesozoic  fousils,  by  C.  A.  White.    1S84.    36  pp.,  0  pis.     (Out  of  stock.) 
B  10.  Cambrian  faunae  of  North  America;  preliminary  studieH,  by  C.  D.  Walcott.    1HH4.    74  pp.  ,10 

pis.    (Out  of  stock.) 
B  11.  Quaternary  and  rci>ent  Mollusca  of  the  Great  Basin,  with  descriptions  of  new  forms,  by  R. 

Ellsworth  Call.    Introduced  by  a  sketch  of  the  Quaternary  lakes  of  the  Great  Basin,  by  G.  K. 

Gilbert.    1884.    66  pp..  6  pis. 
B  15.  Mcsozoic  and  Cenozoic  palecmtology  of  California,  by  C.  A.  White.     188f>.    83  pp.    (Out  of 

stock.) 
B  16.  Higher  Devonian  faunas  of  Ontario  County,  New  York,  by  J.  M.  Clarke.    1885.    86  pp.,  3  pis. 
B  18.  Marine  Eocene,  fresh-water  Miocene,  and  other  fossil  Mollusca  of  western  North  America,  by 

C.A.White.    1886.    26  pp.,  3  pis. 
B  19.  Notes  on  the  stratigraphy  of  California,  by  G.  F.  Becker.    1885.    28  pp.    (Out  of  stock.) 
B  22.  New  Cretaceous  fossiLs  from  California,  by  C.  A.  White.    1885.    25  pp.,  5  pis.    (Out  of  stock.) 
B24.  List  of  marine  Mollusca,  comprising  the  Quaternary  fossils  and  Recent  forms  from  American 

localities  between  Cape  Hatteras  and  Cape  Roque,  including  the  Bermudas,  by  W.  H.  Dall. 

1885.    336  pp. 
B  29.  Fresh- water  ip vertebrates  of  the  North  American  Juraasic,  by  C.  A.  White.    41  pp.,  4  pis. 

Bull.  292—06 10  I 


II  SERIES    LIST. 

B  30.  Second  contribution,  to  the  studies  on  the  (Cambrian  fnuans  of  North  America,  by  C.  D.  Wal- 

cott.    imCu    3(»  pp.,  33  plH.    (Outof  Ht«x?k.) 
B  31.  Ryxtemiitic  review  of  our  present  Icnowledge  of  fomil  iuMects,  including  myriapods  and  arach- 
nids, by  8.  H.  Scudder.    188<J.    128  pp. 
B  34.  Relation  of  the  I^inunie  mollusean  fauna  to  that  of  the  succeeding  fresh-water  Eocene  and 

other  groups,  by  C.  A.  White.    IHw;.    54  pp.,  5  pis. 
B  37.  Types  of  the  Laramie  flora,  by  L.  F.  Wanl.    1887.    354  pp.,  57  pis. 
B  41,  Fossil  faunas  of  the  Upper  Devonian— the  Genesee  section,  New  York,  by  H.  8.  Williams.    1887. 

121  pp.,  4  pis.    (Out  of  stock.) 
B  43.  Tertiary  and  ('retaceous  strata  of  the  Tu.scaloo6a,  Tombigbce,  and  Alabama  riven,  by  E.  A. 

Smith  and  L.  C.  Johnson.    1887.    189  pp.,  21  pis. 
B  61.  Invertebrate  fossils  from  the  Pacific  coast,  by  C.  A.  White.    1889.    102  pp..  14  pis,    (Out  of  stock.) 
B  56.  Fossil  wowl  and  lignite  of  the  Potomac  formation,  by  F.  H.  Knowlton.    1889.    72  pp..  7  pis. 
B  63.  Blbliogmphy  of  Paleozoic  Crustacea  from  1C98  to  1889.  including  a  list  of  North  American 

si^ecics,  and  a  systematic  arrangement  of  genera,  by  A.  W.  Vogdes.    1890.    177  pp. 
B  69.  Classed  and  annotatwl  bibliography  of  fossil  insects,  by  S.  H.  Scudder.    1890.    101  pp. 
B  71.  Index  to  known  fossil  insects  of  the  world,  including  myriapods  and  arachnids,  by  S.  H.  Scud- 
der.   1891.    744  pp. 
B  77.  The  Texan  Permian  and  its  Mesozoic  types  of  fossils,  by  C.  A.  White.   1891.   51  pp.,  4  pis. 
B80.  Correlation  papers— Devonian  and  Carboniferous,  by  H.  S.  Williams.    1891.    279  pp.    (Out  of 

stock.) 
B  81.  Correlation  |>apers— Cambrian,  by  C.  D.  Walcott.    1891.    447  pp.,  3  pis.     (Out  of  stock.) 
B  82.  Correlation  pai>er»— Cretaceous,  by  C.  A.  White.    1891.    273  pp.,  3  pis.    (Out  of  stock.) 
B  83.  Correlation  jwipers— E«H*ene,  by  W.  B.  Clark.    1891.    173  pp.,  2  pis. 
B84.  Correlation  papers— Neocene,  by  W.  H.  Dall  and  G.  D.  Harris.    1892.    349  pp.,  8  pis.    (Out  of 

stock.) 
B  85.  Correlation  pajwrs— The  Newark  system,  by  I.C.  Russell.    1892.   344  pp.,  13  pis.    (Out  of  stock.) 
B86.  Correlation  papers— A rchean  and  Algonkian,  by  C.  R.  Van  Hise.    1892.    549  pp.,  12  pis.     (Out 

of  stock.) 
B  87.  Synopsis  of  American  fossil  Brachiopoda,  including  bibliography  and  synon>'my,  by  Charles 

Schuchert.     1897.    464  pp. 
B  88.  Cretaceous  foraminifera  of  New  Jersey,  by  R.  M.  Bagg.  jr.    1898.    89  pp.,  6  pis. 
B  93.  Some  inst»cts  of  special  interest  from  Florissant,  Colo.,  and  other  points  in  the  Tertiaries  of 

Colomdo  and  Utah,  by  S.  H.  Scudder.    1892.    35  pp.,  3  pis.    (Out  of  stock.) 
B  97.  Me8t>zoic  Echinodermata  of  the" United  Slates,  by  W.  B.  Clark.    1893.    207  pp.,  60  pis. 
B  98.  Flora  of  the  outlying  Carl>oniferous  basins  of  southwestern  Missouri,  by  David  White.    1893. 

139  ]»p.,  5  i)ls. 
B  101.  Inst'ct  fuunu  of  the  Khodo  Island  coal  fleUi,  by  R.  H.  Scudder.    inyi.    27  pp.,  2  pis. 
B  102.  Catjvlogiie  and  bibliography  of  North  American  Mesozoic  Invertebrata.  by  C.  B.  Boyle.     1891?. 

815  pp. 
B  lor»,  Tlio  Laramie  and  the  overlying  LiviiigMton  formation  in  Montana,  by  W.  II.  Wee<l,  with  report 

on  flora.  l)y  F.  11.  Knowlton.    isiKi.    «i8  pp.,  (I  pis. 
B  106.  (!olonido  formation  and  its  invertebrate  fuinia,  l>y  T.  W.  Stanton.    1893.    288  pp.,  45  pis.     K)ut 

of  siDck.) 
B  110.  Pal(M)zoK'  s4'ction  in  thf  vicinity  of  Three  Forks.  Mont.,  by  A.  C.  IVale.    1H93.    56  pp.,  i\  pis. 
B  120.  Devonian  system  ol  eastern  Pennsylvania  and  New  York,  by  C.  S.  Prosser.    1895.    81  pp.,  2  pl.s. 

(Out  of  stock.) 
B  121.  Hibliojirrapliy  of  North  American  ]>ale«mtology.  by  ('.  K.  Keye.s.     1S94.    251  ])p. 
B  124.  Revision  of  North  American  foN*«il  cockroaches,  by  S.  H.  S(Mid<ler.    18U5.    176  pp.,  12  pis. 
B  12M.  B«'ar  River  formation  and  its  characteristic  fauna,  by  ('.  A.  While.     1^95.    108  pp.,  11  pis, 
H  i:W.  Conlriimlions  to  the  Cretaceous  paleontology  ot  the  Pacific  coast;  The  iauna  of  the  Knox- 

ville  !>eds,  by  T.  W.  Stanton.     1SU5.     V.V2  pp..  20  pis. 
H  131,  Cambrian  nn-ksof  Pennsylvania,  by  (!.  1).  Walcotl.     1S9(*».    4:?  i)p..  15  pis. 
B  Ml.  E«M'ene  (le|K>sits  of  ilie  ini«i«ile  Atlantic  slope  in  Delaware,  Maryland,  and  Virginia,  by  W.  B. 

Clark.     18%.    107  pp.,  40  pis. 
B  112.  Hriet  contribution   to  the  geology  aiul  paleontology -of  northwestern   Louisiana,  by  T.  W. 

VauKhan.    ISW.    r.5  pi>..  4  pis. 
B  145.  Potomac  fonnalion  in  Virginia,  by  W.  M.  Fontaine.     1H%.     119  pi».,  2  phs. 
B  151.  U>wer  (Cretaceous  gryplueas  of  the  Texas  region,  by  K.  T.  Hill  and  T.  W.  Vangban.     189S,     139 

pp.,  35  pis. 
B  152.  ('ataloKue  of  (!retaceous  and  Tertiary  plants  of  North  ,\merica.  by  F.  H.  Knowlton.      1S98. 

2 17  pp. 
B  IW.  Bibliographic  indc'x  of  North  American  Carlxmiferous  invertelirates,  by  Stuart  Weller.    1898. 

«;r>3  pp. 

B  163.  Flora  of  the  Montnna  formation,  by  F.  II.  Knowlton.    1900.    118  i)p.,  19  pis. 
B  17;i.  Synop»<isoi  AiiKTican  fossil  liryozoa,  incUuling  bibliography  and  synonymy,  by  J.  M.  Nickles 
and  K.  S.  Bav^ler.     VM).    Or^j  pj.. 


SERIES    LIST.  Ill 

B  179.  Bibliography  and  catalogue  of  fowdl  Vertcb»ta  of  North  America,  by  O.  P.  Hay.    1902.    H68  pp. 
B  191.  North  Americiin  geologic  formation  names:  Bibliography,  synonymy,  and  diNtribntion,  by  F.  B. 

Wcckx.    1902.    448  pp. 
B  195.  Structural  details  in  the  Green  Mountain  region  and  in  eaMteni  New  York  (mn^ond  paper)  by 

T.  Neliton  Dale.    1902.    22  pp..  4  pis. 
B  2M.  FoMHil  flora  of  the  John  Day  basin,  Oregon,  by  F.  H.  Knowlton.    1902.    153  pp.,  17  pis. 
B  205.  The  Molhisca  of  the  Buda  limestone,  by  Q.  B.  Shattuck,  with  an  appendix  on  the  corals  of  the 

Buda  limeMtone,  by  T.  W.  Vnuglmn.    1903.    94  pp.,  27  pis. 
B  206.  A  study  of  the  fauna  of  the  Hamilton  formation  of  the  (?ayuga  I^ke  He(;tlon  in  central  New 

York,  by  H.  F.  Clelaiid.    1903.    112  pp.,  5  pis. 
B  210.   The  correlation  of  geological  faunas;  a  contribution  to  Devonian  paletmtology,  by  H.  S. 

Williams.    1903.    147  pp.,  1  pi. 
B  211.  Stratigraphy  and  paleontology  of  the  Upper  Carboniferous  rocks  of  the  Kansas  section,  by  G.  I. 

AdamN,  G.  II.  Girty.  and  David  White.    1903.    123  ftp.,  4  pis. 
PP16.  Carboniferous  formations  and  faunas  of  (^lorado,  by  G.  II.  Girty.    1903.    M6  pp.,  10  pis. 
PF 19.  Contributions  to  the  geology  of  Washington,  by  G.  O.  Smith  and  Bailey  Willis.    1908.    101  pp., 

20  pis. 
PP  21.  The  geology  and  ore  deposits  of  the  Bisbee  quadrangle,  Arizona,  by  F.  L.  Ransome.    1904.    168 

pp..  29  pis. 
PP24.  Zinc  and  lead  deposits  of  northern  Arkansas,  by  G.  I.  Adams,  assisted  by  A.  II.  Purdue  and 

E.  F.  Bur(>httrd,  with  a  section  on  the  determination  and  correlation  of  formations,  by  E.  O. 

Ulrich.    19W.    118  pp.,  27  pis. 
PP31.  I*reliminary  report  on  the  geology  of  the  Arbuckle  and  Wichita  mountaiiui  in  Indian  Terri- 
tory and  Oklahoma,  by  J.  A.  TafT,  with  an  appendix  on  the  reported  ore  deposits  in  the 

Wichita  Mountains,  by  H.  F.  Bain.    1904.     97  pp.,  8  pis. 
PP32.  Preliniinarj'  report  on  the  geology  and  underground  water  resources  of  the  central  Great 

Plains,  by  N.  II.  Darton.    1905.    433  pp.,  72  pis. 
B  244.  Contributions  to  Devo  lian  paleontology,  1903,  by  II.  S.  Williams  and  E.  M.  Kindle.    1905 

137  pp.,  4  pis. 
PP35.  The  geology  of  the  Perry  basin  in  southeastern  Maine,  by  G.  O.  Smith  and  David  WhiU'.    1905. 

107  i>p.,  6  pis. 
PP36.  The  lead,  zinc,  and  fluors|)ar  deposits  of  western  Kentucky,  by  E.  O.  Ulrich  and  W.  S.  T.  Smith. 

1905.    218  pp..  15  pis. 
B  257.  Geology  and  paleontology  of  the  Judith  River  beds,  by  T.  W.  Stanton  and  J.  B.  Hatcher,  with 

a  chapter  on  the  fossil  plants,  by  F.  H.  Knowlton.    1905.    174  pp.,  19  pis. 
B  266.  Paleontology  of  the  Malone  Junu«sic  formation  of  Texas,  by  F.  W.  Cragin,  with  stratigraphic 

notes  on  Malone  Mountain  and  the  surrounding  region  near  Sierra  Blanca,  Texas,  by  T.  W. 

Stanton.    1906.    172  pp.,  29  pis. 
PP  40.  The  Triassic  cephalopod  genera  of  America,  by  Alpheus  Hyatt  and  J.  P.  Smith,    iga*).    394  pp., 

85  pis. 
B  2GS.  Miocene  foraminifera  fn>m  the  Monterey  shale  of  California,  with  a  few  s[)ecies  from  the  Tejon 

formation,  by  R.  M.  Bagg.  jr.    1905.    78  pp.,  11  pis. 
PP  47,  The  Tertiary  and  Quaternary  Pecten.M  of  (California,  by  Ralph  Arnold.    1906.    '2M  pp.,  53  pis. 
PP  51.  (ieology  of  the  Bighorn  Monntalns.  by  N.  H.  Darton.    1906.    129  pp.,  47  pis. 
B  291'.  The  Bryozoan  fauna  of  the  Rochester  shale,  by  R.  8.  Bassler.    1906.    137  pp.,  31  pis. 

Corre8|X)ndent'e  should  be  addreHtHnl  to 

Thk  Director, 

United  States  Geological  Sckvky, 

Wa.shixoton,  D.  O. 
Skfi'kmher,  1900. 

o 


1 


VL^  vj^  ^ 


BnUetin  No.  298 


0^^  j  K  Bconomic  Geology,  80 
^^^  \  B,  Descriptive  G«)logy,  99 


DEPARTMENT  OF  THE  INTERIOR 

UNITKD  STATES  GFX)L0GK:!AL  SURVEY 

CHARLKS  1).  WALCOIT,  DlKKXTOK 


RECONNAISSANCE 


GOLD  AND  TIN  DEPOSITS  OF  THE 
SOUTHERN  APPALACHIANS 


L.  C.  GRATON 


NOTES  ON  THE  DAIILONEGA  MINES 


WALDEMAR  LINDGREN 


WASHINGTON 

GOVERNMENT    PRINTING     OFFICE 
19  06     . 


I! 

'      t 

il 


CONTENTS. 


Introduction 9 

Field  work  and  acknowledgments 9 

Scope  of  report 9 

Literature 9 

Geography • 10 

Location  and  general  features 10 

Topography 10 

General  outline 10 

Relief 11 

Description 11 

Development 11 

Drainage 12 

Description 12 

Development 12 

General  geology 14 

Description  of  the  rocks 14 

Outline 14 

Metamorphic  rocks 14 

Schists  of  igneous  origin 14 

■  Amphibolite 14 

Quartz-sericite  schist 15 

Gneiss  (schistose  granite) 16 

Schists  of  sedimentary  origin 17 

Quartz  schist 17 

Quartz-sericite  schist 18 

Quartz-biotite  schist 18 

Sericite  schist 18 

Limestone 19 

Igneous  rocks 20 

Granite 20 

Pegmatite 20 

Porphyry 22 

Diabase 23 

Sedimentary  rocks 23 

** Monroe  "  beds 23 

Sand 24 

aay 24 

Alluvium 24 

Effects  of  metamorphism 24 

Regional  metamorphism 24 

Contact  metamorphism 24 

Ilydromctamorphism 25 

3 


4  CONTENTS. 

General  geology — Continued.  Page. 

Stratigraphy  and  structure 26 

Kings  Mountain  belt 26 

Relations  of  the  rocks 26 

Structure 27 

Other  parts  of  the  area 28 

Age  of  the  rocks 29 

Metamorphic  rocks 29 

Igneous  rocks 31 

Sedimentary  rocks 31 

Economic  geology 31 

Tin 31 

History  of  tin  mining  in  the  Carolinas 32 

Geology  of  the  tin  belt 34 

Location 3^1 

Tin-bearing  rocks 34 

Distribution 34 

Structure 35 

Description  and  mineralogy 37 

Contact  metamorphism 39 

Tin  deposits 40 

Distribution  of  cassiterite  in  the  dikes 40 

Theorem 41 

Genesis  of  the  deposits 42 

Age  of  the  deposits 44 

Placers 44 

Conclusions 45 

Mining  developments : . . .  45 

Localit  i(\s 45 

Description  of  mines  and  prospects 46 

Jones  mine • 46 

Faires  mine 48 

Ross  mine 49 

Otlior  portions  of  the  l:)elt 51 

Placers 52 

Methods  of  mining  and  extraction 52 

Mining 52 

Tests  for  cassiterite 52 

Extraction 53 

Production 54 

Economic  importance  of  the  tin  deposits 54 

Value  of  the  ore 54 

Size  and  exti'nt  of  the  deposits 55 

Future  production 55 

Costs  of  production 56 

Cost  of  mining 56 

Cxjst  of  extraction  and  smelting 57 

Transportation  and  miscellaneous  costs 57 

Conclusions 57 

Summary 57 

Gold ". 58 

Introduction 58 

History  and  production 58 

Importance 58 


CONTENTS.  5 

Economic  geology — Continued.  Pag& 

Gold — Continued. 

Gold  deposits 59 

Occurrence  and  structure 50 

Fissure  veins 59 

Replacement  deposits 60 

Deposits  of  intermediate  character 61 

Mineralogical  character 61 

List  of  minerals 61 

Description  of  the  gangue  minerals 63 

Description  of  the  ore  minerals 64 

Conclusions 65 

Distribution  of  the  gold 65 

General  features 65 

Secondary  enrichment 65 

Value  of  the  ores 67 

Genesis  of  the  deposits 68 

Character  of  the  solutions 68 

Source  of  the  materials 69 

Deposition  of  the  ores 72 

Conclusions 73 

Age  of  the  deposits 74 

Placers 74 

Mining  developments 75 

General  statement 75 

Extent 75 

Methods  of  mining 75 

Methods  of  extraction 76 

Costs  of  production 76 

Ilaile  mine 77 

History  and  production 77 

Development 77 

Geology 78 

Character  and  occurrence  of  the  ore 80 

Value  of  the  ore 81 

Ore  bodies 83 

Colossus  mine 87 

Brewer  mine 90 

Blackmon  mine 92 

Kings  Mountain  mine 94 

Ferguson  mine 96 

Brown  mine 99 

Schlegelmilch  mine 101 

Thompson  mine 103 

Other  mines 104 

West  mine 104 

Nott  mine 105 

Magnolia  mine 105 

Darwin  mine 106 

Ross  &  Carroll  mine 106 

McGill  mine 106 

McCaw  mine 106 

Love  mine 107 

Wilson  mines 107 


6  CONTENTS. 

Economic  geology — Continued.  Page. 
Gold — Continued . 

Mining  developments — Continued. 
Other  mines — Continued. 

Prospects 108 

Old  abandoned  mines 109 

Summary ' 110 

Conclusions Ill 

Other  mineral  products  of  the  region 1 12 

Silver 112 

Copper 112 

Ix*ad 113 

Zinc 114 

Irdn 114 

Manganese 1 16 

Pyrite 116 

Graphite 116 

Barite 1 16 

Monazit« 116 

Lithium 118 

Mica 118 

Corundum 118 

liimestono 118 

Clay 118 

The  gold  deposits  of  Dahlonega,  Ga.,  by  Waldemar  Lindgren 119 

Introduction 119 

General  geology 119 

Production 122 

GoncTul  cluiractcr  of  the  veins 123 

DestTiptions  of  mines 125 

Preacher  cut 125 

Consolidated  mines 125 

Standard  mines 126 

Ix)ckhart  mine 126 

Benning  mine 127 

Jumbo  mine 128 

Index 129 


ILLUSTRATIONS. 

Pa«ra 
Plate  I.  Topographic  map  of  the  central  portion  of  the  Carolinas,  showing  loca- 
tion of  gold  mines 10 

II.  Limestone  quarry  at  Gaffney 18 

III.  A,  Specimen  of  tin-bearing  pegmatite;  B,  Photomicrograph  of  tin  ore. . .  42 

IV.  Side  of  diabase  dike  exposed  in  Haile  pit 80 

V.  Ilailc  ore  body  near  bottom  of  Haile  pit 82 

VI.  Beguelin  ore  bod}',  showing  diabase  dike 84 

VII.  Beguelin  ore  body,  Haile  mine,  showing  old  levels  and  stopes 86 

VIII.  Contact  of  granite  and  mica  schist  at  Benning  mine 122 

IX.  Polished  specimen  of  ore  from  Lockhart  mine 126 

Fio.  1.  Index  map  showing  location  of  area 10 

2.  Sketch  showing  disturbance  of  Monroe  beds 29 

3.  Sketch  map  showing  distribution  of  pegmatite  and  tin  in  the  Carolina  belt .  35 

4.  Sketch  of  narrow  pegmatite  dike,  showing  distribution  of  cassiteritc 40 

5.  Diagrammatic  plan  showing  structure  of  cross  dike  of  pegmatite 47 

6.  Diagram  .showing  structure  of  intcrfoliated  jxigmatitc  dike 50 

7.  Sketch  of  pegmatite  dike,  showing  internal  structure 51 

8.  Sketch  map  showing  location  of  the  principal  ore  bodies  of  the  Haile  mine .  78 

9.  Longitudinal  projection  of  the  Bumalo  ore  body,  Haile  mine 85 

10.  Vortical  section  of  the  Beguelin  ore  body,  Plaile  mine 86 

11 .  Sketch  of  vein,  Ferguson  mine 97 

12.  Diagranunatic  sketch  of  vein,  Brown  mine 100 

13.  Hypothetical  plan  of  vein,  Brown  mine 101 

14.  Sketch  of  vein,  Schlegelmilch  mine 102 

15.  Sketch  map  of  the  vicinity  of  Dahlonega,  Ga 121 

16.  Diagram  showing  structure  of  Lockhart  vein 127 

7 


REC0N?(A1SSANCE  OF  SOME  GOLD  AND  TIN  DEPOSITS 
OF  THE  SOUTHERN  APPALACHIANS. 


By  L.  C.  Graton. 
INTRODUCTION. 

FIELD   WORK    AND   ACKNOWLEDGMENTS. 

Tliat  part  of  the  Carolinas  which  lies  immediately  to  the  southeast  of  the  Blue  Ridge,  in 
what  is  known  as  the  Piedmont  region,  has  long  been  of  both  scientific  and  commercial 
importance,  largely  on  account  of  the  variety  and  abundance  of  its  minerals.  In  1904  the 
writer  was  detailed  to  make  a  brief  preliminary  study  of  the  mineral  resources  of  a  portion 
of  this  area,  under  the  direction  of  Mr.  Waldemar  Lindgren.  The  work  began  October  5 
and  ended  November  25,  being  thus  favorexi  by  the  delightful  autumn  of  the  South.  Near 
the  close  of  October  the  writer  enjoyed  the  advantage  of  Mr.  Lindgren's  active  supervision 
in  the  field  lor  about  five  days  and  was  also  privileged  to  acxiompany  him  on  a  trip  of  a  few 
days  to  the  Dahlonega  gold  region  of  Georgia,  where  interesting  comparisons  with  the  Caro- 
lina deposits  could  bo  made.  Mr.  Lindgren  kindly  consented  to  publish  in  this  bulletin  a 
brief  description  of  the  Dahlonega  mines.  A  few  hours  were  spent  in  November  at  the 
Cash  tin  mine,  in  Rockbridge  County,  Va.,  to  ascx^rtain  if  this  deposit  is  related  to  those  of 
the  Carolina  belt.  Early  in  May,  1905,  the  writer  made  a  three  days'  visit  to  the  tin  belt  to 
learn  of  later  developments. 

During  the  course  of  the  field  work  assistance  was  rendered  and  information  fumLshed  by 
many  persons  residing  in  the  area  traversed.  Eispecial  thanks  are  due  to  Mr.  E.  A.  Thies, 
manager  of  the  Ilaile  mine;  Mr.  O.J.  Tliies,  manager  of  the  Blackmon  mine;  Mr.  J.  L. 
Daniels,  superintendent  of  the  Ross  mine;  Mr.  John  F.  Jones,  of  Blacksburg,  and  Messrs. 
M.  M.  Carpenter  and  A.  R.  Rudisill,  of  Kings  Mountain.  The  writer  is  glad  of  this  oppor- 
tunity to  acknowledge  his  indebtedness  to  Mr.  Lindgren,  whose  constant  and  inspiring 
interest  in  the  work  and  willing  criticism  and  suggestion  have  been  of  great  value  and 
assistance. 

SCOPE  or   BEPOET. 

A  complete  study  of  the  area  would  have  resulted  in  a  thorough  understanding  of  the 
general  geology,  as  well  as  in  detailed  information  regarding  the  mineral  resources.  But" 
several  things  conspired  to  make  it  very  difficult  to  obtain  an  accurate  and  comprehensive 
idea  of  the  geology.  The  area  to  be  covered  in  the  time  at  the  writer's  disp>08al  made  it 
necessary  to  confine  effort  almost  entirely  to  visiting  mines  and  mineral  localities.  No 
topographic  or  other  thoroughly  reliable  maps  of  this  particular  district  have  been  pub- 
lished—a  lack  which  made  accurate  locations  of  particular  points  impossible  and  reduced 
the  amount  of  ground  which  could  bo  covered.  Finally,  decomposition  of  the  rocks  is  so 
profound  that  it  is,  in  general,  only  by  careful  and  repeated  examination  of  the  altered  prod- 
ucts and  extended  search  for  exposures  of  fresh  material  that  safe  conclusions  as  to  lithology 
can  be  reached. 
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The  following  report,  therefore,  deals  principally  with  the  mineral  deposits,  but  the 
broader  geology  will  be  described  and  its  bearing  on  the  economic  features  indicated  so  far 
as  possible. 

UTEBATURE. 

This  portion  of  the  United  States  has  been  long  settled  and  was  one  of  the  earliest  mineral 
regions  in  the  country  to  become  of  economic  importance.  It  has,  therefore,  attracted  much 
attention  from  geologists,  particularly  before  the  civil  war,  and  many  of  the  leading  scien- 
tists of  their  time  have  studied  and  described  it.  It  is  interesting  to  note  that  the  North 
Carolina  Geological  Survey,  established  in  1824,  with  Prof.  Denison  Olmsted  at  its  head,  was 
the  first  organized  effort  of  the  kind  on  this  continent.  South  Carolina  followed  next,  in 
1826,  with  its  survey  under  Vanuxcm.  Through  these  surveys  Tuomey,  Lieber,  Ebenezer 
Emmons,  Kerr,  Hanna,  and  Nitz  made  contributions  to  the  geology  of  the  Carolinas  that 
have  become  well  known. 

The  preliminary  nature  of  this  report  does  not  properly  admit  the  inclusion  of  a  complete 
bibliography  of  this  general  region,  but  throughout  the  report  there  are  many  references  to 
articles  or  portions  of  works  which  deal  with  the  area  here  described. 

GEOGRAPHY. 
LOCATION  AND  GENERAL  FEATURES. 

The  area  under  consideration  lies  l>etwecn  meridians  80°  and  82°  west  and  parallels  34° 
30'  and  35°  30'  north.  It  centers  at  about  the  middle  of  the  North  Carolina-South  Carolina 
boundary  line  and  includes  parts  of  Cleveland,  Lincoln,  Gaston,  and  Union  counties  in 


Fig.  1.— Index  map  showing  location  of  area. 

North  Carolina,  and  of  Union,  Cherokee,  York,  Lanca.skT,  and  Chesterfield  counties  in 
South  Carolina.  (See  fig.  1.)  Outside  of  the  many  small  towns,  the  country  is  rather 
thinly  populated,  but  roads  are  numerous  .and  generally  good.  Transportation  is  facili- 
tated by  a  number  of  railroads.  Two  branches  each  of  the  Southern  Railway  and  the 
Seal>oard  Air  Line  and  one  line  each  of  the  Carolina  and  Northwestern,  the  Lancaster 
and  Clu^ster,  and  the  Charlotte?,  Monroe  and  Columbia  Railroads  cross  the  district. 

TOPOGRAPHY. 

GENERAL  OUTLINE. 

The  topography  of  this  area  is  so  largely  dependent  on  its  geology  and  on  the  geology 
and  topography  of  the  surrounding  region  that  it  will  Ix^  of  advantage  to  consider  the  latter 
features  briefly  In'fore  endeavoring  to  describe  the  local  topography. 

The  territory  embmoed  by  the  Eastern  Static's  from  Penasylvania  to  Alabama  is  com- 
monly divided,  on  the  joint  grounds  of  topography  and  geology,  into  three  zones  trending 
northeast  and  south w(»st  and  approximately  parallel. 


a  &.  GEOLOGICAL  SURVEY 


BULLETIN  NO.  293    PU  J 


■  r 


TOPOGRAPHY.  11 

On  the  northwest  is  the  mountain  bolt  of  the  Appalachian  system,  made  up  of  sedimen- 
tary and  accompanying  igneous  rocks,  much  folded,  metamorphosed,  and  dissected.  For 
most  of  the  distance  the  Blue  Ridge  is  the  easternmost  range  of  this  mountain  zone. 

Skirting  the  eastern  flank  of  the  Appalachians  lies  the  Piedmont  Plateau.  Although  com- 
posed of  older  rocks,  it  is  structurally  similar  to  the  mountains;  but  it  is  now  so  worn  down 
by  erosion  that,  viewed  broadly,  its  surface  is  a  plain  which  bevels  the  edges  of  the  upturned 
strata  composing  it. 

On  the  southeast  the  Piedmont  rocks  are  concealed  by  the  overlying  unconsolidated 
sediments  of  the  Coastal  Plain. 

The  particular  area  which  is  the  subject  of  this  study  forms  a  part  of  the  Piedmont 
Plateau  and  extends  on  the  east  approximately  to  the  boundary  of  the  Coastal  Plain. 
Its  geological  structure  conforms  with  that  of  the  mountains  and  of  the  other  portions  of  the 
Piedmont  belt ;  the  rocks  are  much  folded,  usually  dip  at  large  angles,  and  almost  invariably 
have  a  northeasterly  strike. 

RELIEP. 

DESCRIPTION. 

Standing  upon  any  slight  elevation  the  observer  remarks  the  generally  flat  character  of 
the  country.  The  level  sky  line  is  almost  unbroken  until  the  foot  of  the  Blue  Ridge  is 
reached.  This  fact  is  indicated  by  the  map  (PI.  I),  on  which  this  area  is  represented  almost 
entirely  between  the  500-  and  1,000-foot  contour  lines.  For  this  reason  features  of  relief 
which  would  otherwise  be  of  small  significance  become  conspicuous  and  arc  often  assigned 
an  undue  importance.  Almost  every  elevation  which  may  be  seen  at  a  distance  of  more 
than  a  mile  or  two  is  dignifled  by  the  name  mountain. 

The  most  notic4>able  topographic  feature  is  a  chain  of  disconnected  ridges  extending 
southwcstward  across  Lincoln,  Gaston,  and  Cherokee  counties  and  part  of  Cleveland  and 
York  countit's.  Crowders,  Kings,  Whitaker,  Draytonville,o  and  Thickety  mountains  are 
the  culminations  of  the  ridges  of  this  chain,  which  is  commonly  designated  as  the  Kings 
Mountain  Range,  both  because  of  the  prominence  of  that  elevation  and  because  of  the 
historical  significance  b  attached  to  the  name. 

Although  rising  only  a  few  hundred  feet  above  the  surrounding  plain,  these  hills 
form  noticeable  landmarks  for  miU-s  around.  Kings  Mountain,  which  is  the  highest, 
is  said  to  be  about  1,700  feet  above  sea  level,  and  its  summit  is  probably  GOO  to  700  feet 
above  the  plateau  at  its  base.  Crowders  Mountain  is  somewhat  lower,  and  the  other  hills 
are  nmch  less  prominent.  All  these  hills  rise  rather  abruptly  from  the  plain,  and  some  of 
them,  as  Kings  Mountain,  are  bounded  on  one  or  more  sides  by  steep  cliffs. 

With  a  few  unimportant  exceptions,  such  as  Henry  Knob  and  Nannies  Mountain,  in  York 
County,  the  topography  is  otherwise  diversified  only  by  depressions  below  the  general 
level  of  the  plain.  These  depressions  are  the  valleys  of  present  or  past  streams  and  give  a 
rolling  or  undulating  surface  to  the  country.  The  monotony  of  the  ordinary  plain  is  thus 
relieved  and  a  pleasing  aspect  given  to  the  landscape. 

DEVELOPMENT. 

Tlie  prevalent  explanation  of  the  origin  of  the  Piedmont  topography  may  be  summarized 
as  follows:  It  is  supposed  that  the  Piedmont  Plateau  was  once  a  mountain  region,  much 
like  the  present  Appalachians.  During  long  intervals,  in  which  this  region  was  subjected 
to  erosion,  very  little  elevation  or  depression  took  place.  This  constant  stand  of  the  land 
gave  the  rivers  opportunity  to  lower  the  surface  gradually  toward  sea  level.  By  a  contin- 
uation of  this  process  the  greater  portion  of  the  region  was  degraded  to  a  very  slightly 
undulating  plain,  called  a  peneplain,  which  sloped  gently  toward  the  ocean.    The  streams 


o  Sometimes  called  Geiky's  Gelkey's,  or  Gilkey's. 

b  A  Htone  shaft  marks  the  site  of  the  battle  of  Kings  Mountain,  one  of  the  deciflive  engagements  of 
the  Revolutionary  war,  fought  October  7, 1790. 
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then  occupied  extremely  shallow  and  broad  valleys  and  flowed  sluggishly,  with  little  degrad- 
ing power.  Areas  of  rock  particularly  resistant  to  the  agencies  of  denudation  partially 
withstood  this  otherwise  general  planing  down  and  remained  as  monadnocks,  somewhat 
rievated  above  the  general  surface  of  the  peneplain. 

Before  these  last  remnants  could  be  reduced  to  the  common  level  the  whole  region  was 
elevated  to  approximately  its  present  height.  With  their  grade  thus  increased,  the  streams 
look  on  new  vigor  and  again  began  active  cutting.  Up  to  the  present  time  they  have  "been 
uaablc  to  remove  these  conspicuous  residuals  of  the  former  topography,  but  have  produced 
the  other  variations  in  the  surface  as  it  appears  to-day. 

The  monadnocks  of  the  area  concerned  in  this  report  are  the  hills  above  described — 
Kings,  Crowdere,  Draytonville,o  and  other  mountains.  All  these  eminences  are  made  up 
of  hard  and  resistant  rock,  in  most  cases  quartzite.  To  this  fact,  as  has  been  shown,  they 
owe  their  commanding  position. 

DKAnrAGE. 

DESCBIFTION. 

A  well-developed  system  of  drainage  is  established  in  this  region  about  three  principal 
channels — Lynchs,  Catawba,  and  Broad  rivers.  All  these  rivers  flow  across  the  area  in  a 
direction  slightly  east  of  south,  turn  more  to  the  southeast  on  the  Coastal  Plain,  and  empty 
into  the  Atlantic. 

On  the  east  Lynchs  River,  formerly  called  Lynchs  Creek,  rises  in  the  southern  part  of 
Union  County,  N.  C,  and  forms  the  boundary  between  Lancaster  and  Chesterfield  coun- 
ties, S.  C.     It  flows  into  the  Pedee,  which  is  the  lower  part  of  Yadkin  River. 

Catawba  River  drains  the  central  part  of  the  area.  Rising  in  the  western  part  of 
McDowell  County,  N.  C,  it  take^  a  course  slightly  north  of  cast  to  the  northwest  comer  of 
Catawba  County,  and  then  flows  almost  due  south,  forming  the  eastern  boundary  of  Lin- 
coln and  Gaston  counties).  In  South  Carolina  it  crosses  York  County  and  separates  Chester 
and  Lancaster  counties.  It  there  becomes  known  as  Wateree  River,  and  farther  south 
joins  the  Congaroo  to  form  Santeo  River,  which  continues  to  the  coast.  Little  Catawba 
River,  one*  of  its  principal  tributaries,  rises  in  the  northern  part  of  Catawba  County,  crosses 
Line4)ln  and  Gaston  counties,  and  reaches  the  Catawba  just  nortli  of  the  State  line. 

Broad  River  heads  in  the  western  part,  of  Rutherford  County,  N.  C,  flows  southeast- 
ward nearly  to  the  vState  line,  and  then  turns  almost  due  .south,  crossing  part  of  Cherokee 
County  and  forming  the  eastern  boundary  of  Union  County,  S.  C.  At  the  edge  of  the  Pied- 
mont Plateau  it  unites  with  the  Saluda  to  fomi  the  Congaree,  which  in  turn  joins  the  Wateree 
to  form  the  Santee.  Two  tributaries  within  the  area  are  of  sufficient  size  to  be  mentioned, 
viz:  Broad  River  rises  in  the  northern  part  of  Cleveland  County,  flows  southward  and 
empties  into  Broad  Rivtu-  just  north  of  the  State  line.  Pacolet  River  heads  in  the  north- 
eastern part  of  Spartanburg  County,  forms  the  southern  limit  of  Cherokee  County,  and 
reaches  Broad  River  at  the  corner  of  Cherokee,  York,  Chester,  and  Union  counties,  S.  C. 

Each  of  these  rivers  ha.s  numerous  minor  tributaries,  of  which  the  greater  number  flow- 
in  a  southeasterly  direction. 

Nearly  all  tlie  streams  are  rather  swift  and  flow  over  innumerable  rapids,  commonly 
called  shoals,  and  at  some  places  over  considerable  falls,  thus  furnishing  power  for  many 
mills.  The  water  is  generally  yellow  and  muddy,  owing  to  the  large  amoimt  of  material 
held  in  suspension.  The  valleys  are,  as  a  rule,  not  deep,  but  have  rather  steep  sides. 
Most  of  the  streams,  particularly  the  upper  tributaries,  have  noticeably. straight  courses. 

DEVELOPMENT. 

Only  a  glance  at  a  large-scale  map  of  the  area  and  of  the  surrounding  region  is  needed 
to  show  that  Uw  general  direction  of  the  streams  is  southeasterly  and  that  their  disposition 
corresponds  rather  closely  with  the  drainage  that  would  be  expected  if  a  plain,  tilted  in 


oCf.  Tuonioy,  M.,  (Jeology  of  South  Carolina,  1848,  p.  101. 
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that  direction  and  composed  of  homogeneous  material,  had  been  exposed  for  a  consider- 
able time  to  erosion.  It  is  known  that  the  elevated  peneplain  slopes  to  the  southeast,  and 
the  drainage  of  this  area  is  therefore  largely  consequent — the  result  of  the  initial  slope  of 
the  plain.  But  it  has  been  shown  that  this  plateau  is  composed  of  rock  beds  tipped  on 
edge  and  striking  northeasterly.  These  various  beds  of  rock  arc  of  dissimilar  composition, 
and  hence  possess  diflferent  degrees  of  hardness  and  resistance  to  corrosion  and  corrasion. 

The  natural  result  when  streams  flowing  down  a  slope  cross  a  discordant  structure  is 
adjustment  to  that  structure,  finally  causing  them  to  flow  along  the  strike  of  the  rocks. 
When  such  a  result  is  not  reached,  as  it  is  not  in  the  present  case,  other  conditions  must 
have  entered. 

The  explanation  which  first  suggests  itself  is  that  after  planation  the  Piedmont  Plateau 
was  submei^d,  covered  with  a  layer  of  sediments,  and  then  elevated  to  its  present  stand. 
Consequent  drainage  established  on  its  slope  would  cut  through  this  mantle  and  be  super- 
imposed on  the  transverse  structure  of  the  ancient  rocks  below.  There  is,  however,  no 
evidence  preserved  of  such  a  submergence  or  of  such  a  deposit,  and  this  explanation  may 
therefore  be  abandoned. 

A  second  explanation  involves  much  the  same  principles  as  the  first.  It  has  been  shown 
that  the  region  now  occupied  by  the  Piedmont  Plateau  was  eroded  nearly  to  base-level. 
When  this  process,  whose  effect  gradually  lessened,  had  reduced  the  land  well  toward  a 
peneplain,  the  rate  of  erosion  became  so  slow  that  decomposition  of  the  rocks — perhaps 
aided  by  the  peculiar  conditions  existing  at  such  a  stage  a — proceeded  faster  than  degrada- 
tion. That  decomposition  has  actually  exceeded  denudation  is  evidenced  by  the  fact  that 
many  of  the  streams  have  not  yet  cut  down  to  fresh  rock;  but  the  rate  at  whicii  the  streams 
are  now  cutting,  when  compared  with  that  in  other  regions,  is  almost  certainly  greater  than 
that  of  decomposition — an  indication  tliat  decomposition  could  have  exceeded  denudation 
only  when  conditions  were  different  from  those  at  present. 

During  the  interval  from  the  time  when  decomposition  began  to  proceed  faster  than  its 
products  could  be  carried  away  until  the  streams  were  finally  rejuvenated  by  uplift, 
atmospheric  alteration  of  the  rocks  had  opportunity  to  extend  far  below  the  surface  of  the 
peneplain.  It  is  probable  that  all  the  rocks  of  the  re^on,  including  the  quartzites  (which, 
as  will  be  seen  later,  are  impure,  holding  much  mica,  and  hence  readily  susceptible  to  dis- 
integration), were,  at  the  surface  where  decomposition  was  greatest,  reduced  to  soil.  But, 
under  the  sluggish  action  of  the  streams,  which  had  almost  attained  base-level,  this  soil 
remained  in  situ  and  still  retained  the  structure  of  the  rocks  from  which  it  had  been  derived. 
Here,  then,  was  a  layer  of  soft  and  relatively  unresistant  material  to  serve  as  a  mantle  to 
the  hard  rocks  below.  In  appearance  it  possessed  a  decided  structure  of  its  own;  in 
essence  it  was  at  the  surface  almost  structureless. 

The  drainage  consequent  on  the  establishment  of  the  present  Piedmont  slope  began  to 
trench  this  covering  of  soil  and  soon  incised  considerable  valleys  in  it.  As  the  streams 
wore  down  the  beds  of  rock  more  resistant  to  weathering  were  discovered  and  eroded, 
but,  in  general,  less  rapidly  than  the  surrounding  beds.  In  this  way  the  rapids  and  falls 
were  formed.  These  barriers  tended  to  divert  the  streams  and  adjust  them  to  this  new- 
found structure,  but  the  valley  walls  already  formed  held  the  streams  closely  to  their 
initial  consequent  courses.  At  present  a  number  of  streams  have  cut  down  to  and  into 
solid,  fresh  rock,  to  whose  structure  they  show  very  Httle  adjustment. 

Such  streams  appear  to  belong  in  a  subdivision  of  superimposed  rivers.  They  have 
courses  "quite  out  of  accord  with  the  imderlying  structures  on  which  they  have  descended,"  b 
but  the  relatively  thin  overlying  mass  through  which  they  have  first  cut,  instead  of  being 
an  unconformable  deposit,  as  the  usual  definition  of  this  class  of  rivers  requires,  is  the 
irregularly  decomposed  zone  of  the  deeper  lying  rocks. 

Other  factors  have  doubtless  helped  to  maintain  this  unadjusted  condition  of  the  streams. 
The  principal  one  of  these  is  steepness  of  slope  to  the  southeast — i.  e.,  across  the  structure. 

a  a.  Campbell,  M.  R.,  Erosion  at  base-level:  Bull.  Geoi.  Soc.  America,  vol.  8, 1887,  pp.  221-226. 
frDavis,  W.  M.,  Rivers  of  northern  New  Jersey:  Nat.  Qeog.  Mag.,  vol.  2, 1890,  p.  82L 
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Although  the  Piedmont  Plateau  appears  approximately  level,  its  slope  is  considerable 
when  compared  with  the  average  profile  of  streams  in  soft  material.  This  slope  prevents 
an  overloading  of  the  streams,  and  consequently,  by  preventing  meandering,  induces  the 
fairly  straight  courses  which  have  already  been  alluded  to  in  the  description.  The  slope 
also  causes  headward  cutting  of  the  tributaries,  which  likewise  results  in  straight  courses. 
Such  courses  are  less  easily  brought  into  adjustment  with  discordant  structure  than  mean- 
dering courses. 

Some  adjustment  has,  however,  taken  place,  as  shown  by  a  number  of  the  smaller,  and 
hence  younger,  tributaries,  whose  courses  are  parallel  to  the  strike  of  the  rocks.  Such 
subsequent  tributaries  of  some  of  the  larger  consequent  streams  have  been  able  in  certain 
instances  to  capture  weaker  consequent  streams  which  were  perhaps  held  up  by  the  tempo- 
rary base-level  of  a  hard  rock  barrier. 

An  interesting  evidence  of  the  planation  of  this  region  is  shown  on  the  map,  where  it  is 
seen  that  the  railroads  are  enabled  to  follow  the  present  watersheds  or  divides,  whereas  in 
most  regions  of  equally  diversified  topography  they  are  forced  to  follow  the  more  circuitous 
courses  of  the  stream  valleys. 

GENERAL  GEOLOGY. 
DESCRII»TION  OF  THE  ROCKS. 

OTJTLIKE. 

Tlie  rocks  of  this  area  belong  to  throe  great  classes — igneous,  sedimentary,  and  meta- 
morphic.  Sedimentary  and  igneous  rocks  of  great  age  have  been  much  contorted  and 
folded.  The  forces  producing  and  attendant  on  these  movements  have  extremely  meta- 
morpho^  the  rocks,  converting  them  into  schists.  Volcanic  rocks,  mainly  represented 
by  bedded  tuffs,  covered  these  metamorphosed  rocks  in  places  and  were  themselves  sub- 
jected to  a  part  of  the  metamorphosing  influences.  Into  these  metamorphic  rocks  later 
igneous  material  has  boen  intruded.  Granite  is  the  most  abundant  of  these  igneous  rocks 
and  the  numerous  dikes  of  pegmatit<>  are  probably  closely  connected  with  it.  Diabase 
dikes  cutting  all  the  foregoing  rocks  are  the  last  representatives  of  intrusion.  On  the 
casU'Tii  border  of  the  area  the  solid  rocks  arc  covered  by  thin  beds  of  sand,  which  probably 
belonjj:  to  the  Coastal  Plain  formations. 

METAMORPHIC  ROCKS. 

The  Tiietaniorphic  ro<;ks  of  this  district  liave  re^sulted  from  the  action  of  the  tremendous 
forces  of  mountain  building.  They  are  usually  extremely  metamorphosed,  and  may  be 
placed  in  that  p<^rplexing  group,  tlie  crystalline  schists.  In  many  places  nearly  or  quite 
all  traces  of  their  original  character  have  been  removed;  but  here  and  there  the  former 
nature,  of  tlie  rock  can  l>e  s^^en,  and  by  comparison  and  analog}^  the  more  altered  varieties 
arc  correlated.  These  schistost^.  rocks  are  derived  from  both  igneous  and  sedimentary 
formations. 

SCHISTS    OF    lONEOUa   ORIGIN. 
AMPIIIBOUTE. 

Tlie  most  common  and  abundant  rock  under  this  head  is  hornblende  schist  or  amphibo- 
lite.  In  some  places,  as  in  central  York  County,  the  gradation  from  this  rock  into  fairly 
unchanged  gabbro  can  ]w  traced  with  certainty.  It  seems  probable,  however,  that  much 
of  it  has  resulted  from  volcanic  as  well  as  from  plutonic  rocks,  for  its  exact  intercalation 
with  the  sediments  in  many  places  would  indicate  that  it  had  been  in  such  cases  a  surface 
rock,  pi-obably  occurring  as  basaltic  flows  or  tufTs.  On  subjection  to  shearing  and  other 
metamorphosing  processes  these  igneous  rocks  were  foliated  and  otherwise  altered,  becom- 
ing schistose  anipliil)olite. 

Tliose  arnphilK)lites  are  fine-grained  rocks,  of  dark,  greenish  color,  generally  possessing 
a  definite  structure  in  one  direction,  or  ** grain."    In  some  of  them  the  foliation  is  suffi- 
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cient  to  allow  a  very  easy  parting  in  thin  plates.  Under  the  microscope  the  rocks  are 
found  to  have  a  surprisingly  large  amount  of  feldspar,  in  consideration  of  their  very  dark 
color.  Tliey  are  typical  "greenstone  schists."  The  feldspar  occurs  in  small,  rudely 
polygonal  grains,  in  many  specimens  built  up  zonally,  commonly  untwinncd,  and  perfectly 
clear.  It  l)elong8  mainly  to  the  variety  albitc,  with  a  less  amount  of  oligoclase.  Epidoto 
is  often  found  in  abundance,  both  in  irregular  interstitial  grains  and  as  lath-shaped  prisms 
poikilitic«lly  penetrated  by  other  constituents  of  the  rock.  Zoisite  occurs  in  a  manner 
similar  to  epidote  and  is  on  the  whole  more  conunon.  These  two  minerals  may  occur 
together  and  in  many  cases  can  be  distinguished  only  in  polarized  light.  Calcite  likewise 
occurs  in  numerous  specimens,  in  irregular  grains  and  in  lath-shaped  individuals,  and 
was  undoubtedly  present  when  the  recrystallization  of  the  rock  took  place.  Calcite  is 
usually  not  abundant  in  those  specimens  which  contain  much  of  the  calcium  silicates 
epidote  and  zoisite,  or,  if  it  is,  it  occurs  principally  in  bands  or  zones  in  which  they  are 
sparingly  present.  Quartz,  either  formed  by  the  removal  of  bases  from  some  of  the  sili- 
cates or  introduced  by  the  waters  producing  metamorphism,  perhaps  also  in  part  primary, 
forms  mosaics  of  small  clear  grains  which  are  distinguishable  from  albite  only  in  con- 
vergent polarized  light. 

Tlie  dark  constituent  is  the  typical  amphibole  of  the  "greenstone  schists"  and  is  proba- 
bly uralito.  It  occurs  in  well-formed  prisms  and  in  irregular,  elongated  grains,  but  in  no 
case  was  it  seen  developed  as  a  pseudomorph  after  pyroxene.  As  a  rule,  it  is  rather  strongly 
plcochroic  in  bluish  and  brownish  greens  and  has  a  not  very  strong  double  refraction. 

Black  iron  ore  is  generally  abundant  and  is  associated  particularly  with  the  amphibole. 
The  most  common  oc<;urrence  is  in  irregular  grains,  but  in  some  cases  it  is  present  as  crys- 
tals of  definite  outline,  usually  too  small  to  be  accurately  determined  as  to  form,  but  some- 
times showing  a  pair  of  predominant  parallel  faces  that  give  the  crystal  a  flattened  appear- 
ance and  suggests  ilmcnite.  Many  of  the  grains  are  surrounded  by  borders  of  sphene,  and 
in  some  cases  the  cliange  to  this  mineral  has  been  complete.  In  a  few  instances  a  mineral 
which  is  probably  rutile  accompanies  the  titanite.  The  iron  ore  is  therefore  titaniferous 
in  most  or  all  cases.     Small  broken  grains  of  zircon  are  present  in  a  few  specimens. 

In  those  specimens  which  contain  considerable  calcite,  epidote,  or  zoisite  it  is  not  uncom- 
mon to  fhid  irregular  grains,  turbid  and  decomposed  but  still  showing  the  twin  lines,  of  a 
moderately  calcic  plagioclase,  usually  labradorite.  The  rocks  free  from  calcite,  epidote, 
and  zoLsite  have  in  general  a  cleaner,  l)etter-defined  appearance  than  those  which  are  not. 
It  appears  probable  tliat  the  crystallization  of  these  secondary  lime-lx?aring  minerals  is 
only  an  intermediate  step  in  the  complete  metamorphism  of  the  original  rock,  the  ultimate 
result  being  their  solution  and  removal,  leaving  a  rock  decidedly  less  rich  in  lime  than  the 
original. 

These  amphibolites  thus  present  a  typical  example  of  the  original  metamorphism  of  a 
rather  basic  igneous  rock,  probably  having  the  composition  of  a  gabbro,  with  the  production 
of  a  wholly  recrystallized  and  altered  schist. 

Rocks  of  this  character  are  extremely  common  in  the  western  part  of  the  area  examined 
and  probably  are  the  most  widely  developed  variety  in  that  part.  In  central  York  County, 
as  has  l>een  said,  the  degree  of  metamorphism  which  they  have  suffered  is  not  so  great. 
There  they  possess  a  more  granitic  texture  and  pass  gradually  into  gabbros.  In  the 
eastern  part  of  the  area  amphibolites  were  less  commonly  observed,  although  a  study  of 
the  areal  geology  might  n^veal  them  in  abundance. 

QUARTZ-SERICITE  SCmST. 

Dense,  siliceous  rocks,  usually  of  rather  light  gray  color,  more  or  less  schistose,  occur 
in  several  portions  of  the  area  and  may  have  a  considerable  extent.  A  peculiar  silvery, 
mottled  luster,  frequently  seen  on  the  planes  of  schistosity,  has  won  for  these  rocks  the 
very  suggestive  name  applied  by  the  miners,  "fish-scale  slate."  The  appropriateness  of 
this  name  is  especially  apparent  when  the  rocks  are  wet  and  viewed  by  the  flickering  light 
of  the  miner's  candle. 
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In  their  common  development  it  would  be  a  very  difficult  matter  to  determine  the  nature 
of  the  rocks  from  which  these  have  been  derived,  but  fortunately  a  clue  is  given  in  a  few 
localities,  where  enough  of  the  original  character  is  preserved  to  aid  in  arriving  at  a  fairly 
definite  conclusion. 

The  least  altered  of  these  rocks  are  well-bedded,  fine-grained,  and  not  very  much  indu- 
rated tuffs,  made  up  of  irregular  fragments  of  a  rock  which  if  massive  would  have  been  a 
porphyry.  Broken  grains,  some  of  them  rounded,  of  quartz  and  feldspar,  representing 
original  phenocrysts,  are  embedded  in  an  evenly  fine-grained  matrix  of  quartz,  feldspar, 
and  mica.  The  porphyries  from  which  these  f ragmen tal  rocks  were  derived  therefore  cor- 
respond to  granite  porphyry  and  quartz-monzonite  porphyry  and  were  probably  related 
to  the  porphyries  which  occur  in  the  vicinity  of  the  Brewer  mine  in  Chesterfield  County 
and  the  Blackmon  mine  in  Lancaster  County. 

The  quartz  appears  in  many  cases  to  have  existed  in  the  massive  rock  as  sharp  double 
pyramids  without  development  of  prism  faces.  The  character  of  the  feldspar  varies  in 
different  localities.  In  the  neighborhood  of  the  Ferguson  gold  mine,  in  the  northwest 
comer  of  York  County,  for  instance,  most  of  the  determinable  individuals  of  feldspar 
appear  to  belong  to  the  varieties  oligoclase  and  andesine.  At  the  Colossus  mine,  in  the 
southwestern  part  of  Union  County,  N.  C,  microcline  is  most  abundant,  while  microper- 
thite  is  rather  common.  At  the  Haile  mine,  in  the  southern  part  of  Lancaster  County, 
the  character  of  the  feldspar  could  not  be  determined.  Both  biotite  and  muscovite  are 
present,  and  while  it  seems  probable  that  the  former  at  least  was  an  original  constituent 
of  the  rock,  the  evidence  is  not  conclusive  and  the  mica  may  have  been  introduced  by  the 
contact  metamorphism  to  which  the  rock  has  plainly  been  subjected.  The  biotite  is 
present  in  small  ragged  flakes,  usually  exhibiting  a  parallelism  of  arrangement  and  indicat- 
ing the  direction  of  foliation  of  the  rock.  It  is  of  a  clear  brown,  and  shows  fairly  strong 
absorption  and  rather  strong  polarization.  In  many  cases  it  has  been  changed  to  a  dirty 
greenish  chlorite.  Muscovite  is  doubtless  secondary  in  all  cases,  having  been  derived 
both  from  the  biotite,  by  the  common  but  poorly  understood  process  known  as  bleaching, 
and  from  the  feldspars  by  decomposition.  In  the  less  foliated  rooks  it  can  be  seen  in 
process  of  formation  from  both  these  minerals.  Compact,  fibrous  muscovite  or  soricitc 
occurs  commouly  in  the  more  schistose  rocks  and  is  especially  abundant  along  certain 
planes  which  are  planes  of  greatest  movement  and  hence  of  greatest  weakness — in  other 
words,  planes  of  schistosity.  It  is  the  silvery  sheen  of  this  muscovite,  cxpased  when  the 
rm'k  is  cleaved  along  these  planes  of  fissility,  which  gives  rise  to  the  term  "fish-scale  slate.'* 

It  is  possible  that  these  soft  tuffs  cover  a  considerable  area,  but  do  not  outcrop  conspicu- 
ously, and  are  in  consequence  overlooked.  The  localities  where  they  were  found,  however, 
are  in  the  inmiediate  vicinity  of  gold  deposits,  and  there,  owing  to  their  physical  make-up, 
being  rather  poroiLs  and  in  fine  particles,  and  possibly  also  to  their  chemical  constitution, 
they  were  easily  attacked  by  the  mineral-l)earing  solutions  which  produced  the  gold  deposits 
and  were  very  greatly  altered.  This  alteration  has  l^een  for  the  most  part  a  silicification 
with  attendant  recrystallization.  Feldspar,  biotite,  and  sericite  have  all  been  attacked  and 
more  or  less  completely  i-eplaced  by  quartz.  Since  these  silicified  tuffs  are  closely  con- 
nected genetically  with  the  gold  deposits  which  occur  in  them  they  arc  more  fully 
described  in  the  section  dealing  with  gold  (pp.  78-79). 

These  gmnite-porphyry  and  quartz-monzonite-porphyry  tuffs  have  been  ol)served  in 
the  vicinity  of  the  Haile  mine  in  Lanciister  County,  the  Colossus  or  Howie  mine  in  Union 
County,  N.  C,  and  the  Ferguson  mine  in  York  County.  They  doubtless  belong  in  the 
group  of  ancient  volcanic  rocks  whose  distribution  in  the  eastern  part  of  North  America 
has  been  set  forth  by  G.  II.  Williams.o 

GNEISS    (SCniSTOSE  GRANITE)       . 

Much-foliated  rocks  which  show  by  their  texture  and  composition  that  they  were  origi- 
ally  granites  are  found  in  isolated  localities  throughout  the  area.     They  are  usually  of  rather 


o  Jour.  Geol.,  vol.  2, 1894,  pp.  28  et  seq. 
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fine  grain  and  light  color  and  exhibit  by  the  position  of  the  dark  biotite  flakes  a  decided 
foliation.  When  greatly  weathered  it  is  not  always  possible  to  distinguish  them  from 
granite. 

Viewed  under  the  microscope  quartz  is  seen  to  be  fairly  plentiful  and  shows  crushing  and 
strain  shadows.  Microcline  is  very  abundant  in  many  specimens,  intergrown  micropog- 
matitically  with  the  quartz.  A  little  plagioclaso  is  present  and  probably  is  albite.  Small 
broken  plates  of  brown  biotite  apd  of  muscovite  occur  somewhat  sparingly.  Fragments  of 
apatite  crystals  are  sometimes  seen  and  more  rarely  broken  grains  of  zircon .  Crushing  seems 
to  have  taken  place,  especially  along  certain  zones. 

Tlie  gneisses  are  most  common  along  the  Kings  Mountain  Range,  but  probably  occur  also 
at  places  in  the  eastern  part  of  the  area,  as  in  the  western  part  of  Chesterfield  County. 

As  is  shown  on  page  20,  it  is  probable  that  these  gneisses  have  a  close  genetic  connection 
with  the  massive  granites. 

SCHISTS  OF   SEDIMENTARY   ORIGIN. 
QUARTZ  SCmST. 

Foliated  or  schistose  rocks  made  up  principally  of  quartz  are  common  and  conspicuous 
throughout  the  western  part  of  the  area.  Original  sandstones,  arkoses,  and  quartz-pebble 
conglomerates  have  l)een  changed  into  quartzitic  rocks,  which  usually  retain  enough  of  their 
former  structure  to  make  their  derivation  a  matter  of  certainty. 

Tlie  finer  grained  or  sandstone  members  are  made  up  of  small  polyhedral  grains  of  quartz, 
in  most  cases  combined  with  miniitc  yellowish  scales  of  mica,  mus(ovite,  and  a  little  biotite, 
but  in  some  cases  composed  of  quartz  alone  and  then  very  friable  or  "sugary. "  The  mica- 
bearing  varieties  usually  have-a  decided  schistosity  dependent  en  the  parallel  arrangement  of 
the  mica  flakes.  In  some  localities  the  scales  of  mica  serve  to  bind  the  quartz  grains  together, 
and,  l)cing  flexible,  allow  a  slight  movement  of  the  quartz  grairs,  producing  the  flexible  sand- 
stone or  itacolumite  descril^d  at  length  by  Lieber.o  In  these  micaceous  quartzites  magnet- 
ite is  commonly  present  and  by  its  oxidation  stains  the  rock  p!nk,  red,  or  brown.  Under 
the  microscope  the  polygonal  outline  of  the  quartz  grains  penetrated  by  foils  of  mica,  usually 
muscovite,  the  numerous  small  octahedrons  of  magnetite,  and  the  occasional  crystals  of 
garnet  indicate  that  recrystallization  has  been  considerable. 

Some  varieties,  perhaps  different  in  original  composition  or  possibly  subjected  to  different 
conditions  of  metamorphism,  have  fresh  microcline  instead  of  muscovite  and  hold  numerous 
small,  irregular  grains  of  garnet. 

The  conglomerates  are  made  up  principa  ly  of  quartz  pebbles  varying  in  diameter  from  a 
few  millimeters  to  several  centimeters,  but  most  commonly  1  to  1 J  cm.  These  pebbles  have 
been  almost  ever>'where  much  flattened  and  drawn  out  by  pressure,  and  in  many  places  the 
resulting  mass  can  be  determined  as  a  conglomerate  only  by  observing  the  gradual  change 
into  more  typical  facies.  The  matrix  of  the  pebbles  is  in  some  places  a  green,  slaty,  sericitic, 
and  chloritir  material,  rather  abundant  as  compared  with  the  bulk  of  the  pebbles  which  it 
corjtains  and  wrapped  around  the  pebbles  in  a  marmer  rtM.-alling  the  flow  lines  of  a  porphyry. 
In  other  plat'cs  the  pebbles,  large  and  small,  compose  nearly  the  whole  of  the  mass  and  the 
cementing  material  is  mainly  silica,  probably  derived  from  partial  solution  of  the  pebbles. 

Were  it  not  for  their  flattening  due  to  pressure,  the  pebbles  would  in  most  cases  be  well 
rounded.  Surface  specimens,  however,  frequently  show  a  peculiar  faceting  of  the  exterior 
pebl)les  and  sometimes  suggest  a  rude  approach  to  crystalline  form;  but  large  exposures 
show  that  this  faceting  is  due  to  solution.  The  surface  of  the  conglomerates  is  covered  with 
pits  and  depressions  exactly  similar  to  those  produced  by  solution  in  many  limestones.  The 
very  decided  solution  which  is  thus  evidenced  probably  has  some  relation  to  the  conditions 
existing  in  a  region  near  base-level  already  referred  to  (p.  13). ^ 


o  Survey  of  South  Carolina,  vol.  3.  1859,  pp.  7^106. 

b  Campbell,  M.  R.,  erosion  at  base-level:  Bull.  GeoL  See.  America,  vol.  8, 1807,  pp.  221-226.    CI.  also 
Hayes,  C.  W.,  idem,  pp.  213-220. 
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Tho  quartz  pebbles  are  now  a  granular  aggregate  of  quartz  grains,  but  whether  they  are 
portions  of  clastic  rocks  or  have  been  derived  from  the  breaking  down  of  quartz  veins,  in 
which  tho  rocks  abound,  and  have  been  given  their  granular  structure  by  crushing,  it  is 
impossible  to  decide,  although  the  latter  view  is  perhaps  more  plausible. 

Thcst*  quartz-rich  mctamorphic  rocks  are  particularly  abundant  along  the  Kings  Mountain 
Range,  but  also  occur  in  places,  isolated  so  far  as  known,  farther  east.  They  are  more  resist- 
ant than  the  surrounding  roi-ks  and  hence  outcrop  conspicuously,  forming  the  ridgts  cf  whi<  h 
Paysour,  Crowders,  Kings,  Drayton ville,  Whitaker,  and  Thickety  mountains  are  the  h!f  beet 
portions,  many  smaller  near-by  ridges  or  mounds,  and  the  elevations  Henry  Knob  and 
Nannies  Mountain.  Notwithstanding  this  apparent  resistance,  thc£e  quartzitic  rocks  are  in 
many  places  so  rich  in  minerals  like  mica  and  magnetite,  which  are  more  susceptible  to 
atmospheric  dccompasition  than  the  quartz,  that  they  crumble  to  soil  with  considerable 
readiness  and  do  not  form  conspicuous  outcrops.  This  variation  in  composition  from  place 
to  place  undoubtedly  ha.s  had  much  to  do  with  the  unsymmetrical  and  irregular  shapes  and 
distribution  of  the  ([uartzite  ridges.  Conglomerate  o<rcuis  along  Kings  Creek  and  makes  up 
tlu^  greater  part  of  Draytonville  Mountain  in  Chen.>kre  County.  At  the  latt^jr  locality  the 
surface  of  tlie  rock  is  strewn  with  unevenly  rounded  pieces  of  quartz — the  conglomerate 
pebbles  which  have  U'cn  released  by  the  dc<  omposition  or  solution  of  their  matrix.  On  the 
summit  of  this  hill  the  conglomerate  is  exceedingly  well  exposed.  This  occurrence  was  not<Kl 
by  both  Tiromcy  "  and  Lieber.b 

QUARTZ-SERICITE  Sl'UIST. 

Closely  related  in  composition  to  the  quartzitic  rocks  described  in  the  preceding  section  are 
certain  schists  which,  when  unaltered,  are  gray,  ghst<»ning,  micaceous,  and  much  foliated. 
As  generally  seen,  they  are  <'olorcd  various  shades  of  red  by  the  oxidation  of  the  magnetite 
which  they  contain.  Some  specimens  hold  an  abundance  of  small  red  garnets.  On  disinte- 
gration they  form  a  soil  which  gives  little  indication  of  the  amount  of  mica  which  they  held. 

Tlie  microscope  reveals  in  the  thin  section  abundaut.quartz  in  rudely  polygonal  grains  sur- 
rounded and  enmeshed  by  shreds  of  fibrous  muscovite  orsericite.  In  places  it  appears  as  if 
rmml)ei>i  of  these  fil)ers  had  been  so  rearrang(»d  us  to  crystallize  into  an  irregular  flake  of 
muscovite.  0<tah(Hlrons  and  i  rr(*gu  la  r  grains  of  magnetite  are  rather  common,  and  funiish, 
on  decomposition,  ni(>?t  of  the  coloring  matter  of  the  stained  rocks.  In  a  few  cases  turbid 
decoinp<wed  remnants  of  feldspar  grains  are  being  re{)laced  by  sericite.  It  seems  probable 
tliat  tliese  rocks  represent  arkoses  richer  in  feldspar  than  tho.'^e  from  which  the  quartz  schists 
were  derived. 

Quart z-seririte  schists  of  this  kind  were  not  seen  at  many  places  in  the  area,  probably 
owing  in  large  part  to  the  r(*ady  <lisintegration  which  they  undergo.  Aii  occurrence  of 
unknown  extent  was  found  in  the  northeastern  part  of  Gaston  County. 

QUAKTZ-BIOTITE  SCHIST. 

Dark-brown  line- and  even-grained  micaceous  nn-ks  an*  found  at  numerous  places  akmg 
the  Kings  Mountain  belt.  They  consist  of  small  grains  of  quartz,  a  little  rather  turbid 
feldspar,  mostly  oligoclasc.  and  abundant  brown  biotite  in  small  .scales.  Muscovite  Is 
pre.^enl  in  .sonw*  cases,  and  ^Tains  of  carbonate  are  not  imusual.  iSchisttJsity  is  well  devel- 
op<*(l.     They  have  prol)al>ly  Ix^en  derived  from  impure  feldspathic  sand.stones. 

Tlu"s<*  rocks  are  found  generally  in  close  association  with  the  limestone  beds,  though  it  is 
of  coui-st*  possible  tliat  they  have  a  more  extended  devek)pmcnt.  They  have  been  encoun- 
tered in  the  limestone  quarries  at  Gairney  and  Black.sburg,  vS.  C,  and  a  similar  rock  is  found 
at  the  Thoinp.«on  mine,  near  West  Springs,  Union  County,  S.  C. 

SFHICITK   SCHIST. 

CoiMi>a«'t  «:rayish  or  l)luish-^ray  rocks,  with  a  characteristic  lu.'^trous  sheen  on  their 
partinir  j)hines.  are  known  at  various  places  along  the  Kings  Mountain  Range.  They  are 
made  up  almost  wholly  of  sericite,  and  have  probably  resulted  from  the  metamorpbisni  of 

"  F{o|tt.  (m«)1.  un<I  .\jrr.  Siir\(*v  South  Curolina,  1S44,  ]).  \s;  CJeolopv  of  South  Carolina,  184S,  p.  77. 
f^  Survey  of  South  Curolma,  \o\.  2,  l.s.>s,  j>p.  10-42. 
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sbalofl  or  other  argillaceous  rocks.    They  are  associated  with  bods  of  manganese  oxide  and 
graphite  and  may  represent  deposits  in  comparatively  shallow  water. 

A  beautiful  deep-green  rock,  which  resembles  a  talc  schist,  forms  the  wall  rock  of  the 
Hia<*kmon  mine  in  Lancaster  County.  In  places  the  green  color  gives  way  to  a  silvery  gray 
and  pink,  suggesting  mother-of-pearl.  This  rock  is  almost  completely  made  up  of  exceed- 
ingly fine  fibers  of  sericit4>.  and , contains,  in  addition,  a  few  small  dark-red  garnets.  It  is 
probably  a  sediment  umch  altered  by  regional  metamorphism  and  by  an  intrusion  of 
porphyrj'  which  has  penetrated  it. 

LIMESTONE. 

The  limestones  of  this  area  can  hardly  be  called  schists,  but  they  have  been  subjected  to 
the  .same  forces  of  metamorphism  as  the  surrounding  rocks  and  in  many  places,  particularly 
near  the  limits  of  the  Ix^ds,  they  are  foliated  and  composed  of  other  minerals  in  addition 
to  calcite:  in  such  places  they  possess  a  truly  schistose  appearance.  These  limestones  are 
rathor  inagncsian;  the  upper  portion  of  the  beds  is  in  places  too  high  in  magnesia  to  make 
lime,  and  is  practically  a  dolomite.  The  dolomitic  portions  are  usually  light  gray  to  white 
in  color  and  the  more  calcareous  varieties  are  generally  blue.  The  quarrymen  are  pleased 
to  find  '*  blue  rock,"  while  the  white  they  speak  of  as  "  dead."  Below  are  given  the  analyses 
of  some  typical  limestones  of  this  area,  which  the  writer  owes  to  the  courtesy  of  Dr.  Earlo 
Sloan,  State  geologist  of  South  Carolina: 

Analyses  of  typical  liwestorus. 
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All  thest^  8p(>cimens  art^  from  near  Gaffney.  No.  1  represents  ver\'  pure  limestone;  No.  2 
indicates  a  roi'k  that  is  somewhat  less  pure,  but  makes  very  good  lime;  No.  3  w  a  partial 
analysis  of  a  iiiagnesian  or  dolomitic  phasi>,  which  is  not  burned  for  lime. 

Mincralogically,  these  nx*ks  consist  principally  of  granular  carbonate,  whether  calcite 
or  dolomite  can  not  l)e  told  by  means  of  the  microscope.  Small  lenses  and  bunches  of 
quartz,  probably  introduced  at  the  time  of  the  metamorphism  of  the  region,  occur  in  some 
HixH-imens.  A  little  colorless  amphilmle,  probably  actinolite,  and  thin  blades  of  a  colorless 
or  whitish  mineral,  presumably  wollastonite,  are  rather  commonly  obser>'ed.  At  the  edges 
of  the  limestone  masses  the  rock  passes  over  within  a  short  distance,  yet  by  gradations,  into 
the  adjoining  nx-k — feldspathic  quartzite  in  some  places,  quartz-biotito  schist  in  others. 

The  limestones  are  known  to  occur  at  numerous  point^s  through  practically  the  whole 
extent  of  the  Kings  Mountain  Kango.  A  good  view  of  the  limestone  in  one  of  the  quarries 
at  GalFney  Is  shown  in  PI.  II. 
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lONEOTTS  BOOKS. 

Tho  rocks  described  under  this  section  are  those  which  were  intruded  and  reached  their 
present  position  after  most  or  all  of  the  metamorphism  which  affected  the  rocks  described 
in  tlic  foregoing  pages  had  taken  place.  They  exist  at  the  present  day,  therefore,  in  prac- 
tically the  same  state  in  which  they  crystallized  from  their  molten  magmas.  These  rocks 
have  a  small  aroal  extent  as  compared  with  the  metamorpfaic  rocks.  They  appear  either 
as  dikes  or  as  elongated  bodies,  whose  shape  was  influenced  by  the  structure  of  the  rocks 
which  they  penetrated. 

OBANITE. 

Granite  is  the  most  abundant  of  the  massive  igneous  rocks.  It  is  of  light  color,  medium 
grain,  and  typical  granitic  texture.  Exposures  of  large  size  sometimes  show  the  rock  to  be 
almost  structureless — that  is,  devoid  of  any  foliation — but  in  most  places  a  more  or  less 
distinct  gneissic  structure  is  observable,  in  spite  of  the  fact  that  hand  specimens  may  appear 
nearly  or  quite  massive.  This  granite  is  rich  in  the  lighter-cx>lored  constituents,  which 
include  muscovite,  and  contains  a  rather  sparing  amount  of  brown  biotite. 

Tho  microscope  shows  the  presence  of  abundant  quartz  in  clear  grains,  holding  numberless 
fluid  inclusions  of  the  ordinary  kind.  Microcline  is  the  predominant  feldspar,  followed  in 
decreasing  amounts  by  orthx)clase,  oligoclase,  and  albite,  all  fresh.  Muscovite  is  plentiful 
in  broad,  thin  foils.  Deep  red-brown  biotite  is  not  very  abundant.  By  its  bleaching,  some 
of  the  muscovite  may  have  been  formed.  Some  of  it  has  been  changed  to  chlorite.  Scat- 
tered garnets,  a  few  crystaUine  grains  which  are  probably  epidote,  one  or  two  small  zircon 
crystals,  and  numerous  prisms  of  apatite  complete  the  list  of  constituents. 

A  comparison  of  this  description  with  that  of  the  granitic  gneiss  (pp.  16-17)  in  the  section  on 
metamorpliic  rocks  shows  that  the  two  types  of  rock  are  practically  identical  mineralogically . 
While  the  field  relations  arc  not  verj'  distinct  and  have  not  been  carefully  studied,  it  is 
believed  that  they  likewise  favor  the  view  that  the  foliated  granite  or  gneiss  and  the  massive 
granite  were  derived  from  a  common  magma  and  belong  to  the  same  general  period  of 
intrusion.  If  this  is  true  then  the  eruption  of  the  granite  must  have  marked  the  closing 
stage  of  the  regional  metamorphism  of  the  country-;  otherwise,  all  the  granite  would  be 
foliated.  The  difference  in  amount  of  foliation  of  the  granite  and  the  gneiss  may  partly 
be  explained  by  the  reasonable  supposition  that  these  last  metamorphic  movements  were 
not  equally  intense  in  all  portions  of  the  area.  It  seems  probable,  however,  that  other 
conditions  were  largely  responsible  for  this  difference  in  foliation. 

It  has  just  Iwen  stated  that  the  granite  and  the  gneiss  probably  belong  to  the  same 
general  period  of  intnision.  This  does  not  mean,  however,  that  all  the  masses  of  these 
rocks  were^intruded  at  the  same  absolute  time.  It  is  doubtful,  indeed,  if  instances  of  such 
kind  are  at  all  coninion.  On  the  other  hand  it  is  reasonable  to  suppose  that  successive 
intrusions  took  place  and  that  the  interval  from  the  beginning  to  the  end  of  eruptive  activity 
was  considerable.  Since  this  epoch  of  eruption  probably  began  just  as  the  great  movements 
of  compression  and  folding  were  dying  out,  the  fii-st  of  the  granitic  intrusions  would  suffer 
more  or  less  squeezing  and  shearing  and  would  Ik?  converted  into  a  granitic  gneiss,  while 
successively  later  portions  of  the  granite  magma  to  be  forced  up  into  the  metamorphosed 
rocks  would  l>e  subjected  to  less  and  less  dynamic  action,  and  the  last  of  the  granite  would 
appear  after  metamorphic  movements  had  ceased,  and  would  thus  remain  massive. 

PEGM.\TITE. 

The  dikes  of  pegmatite  which  abound  in  the  western  part  of  the  area  studied  form  one  of 
the  most  interesting  geologic  features  of  the  region.  Several  varieties  of  pegmatite  may 
be  distinguished,  although  it  may  l)e  that  all  are  members  of  a  series  in  which  certain 
varieties  are  most  common  or  abundant.  Of  the  types  established  several  exhibit  a  con- 
siderable variation  in  mineralogical  composition,  so  that  it  is  not  at  all  improbable  that  a 
further  slight  change  would  result  in  a  passage  to  the  neighboring  type.  Although  these 
rocks  are  of  various  appearances,  they  all  possess  features  which  at  once  characterize  them 
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as  pegmatites.  In  composition  they  are  all  closely  related  to  granite.  In  the  following 
paragraphs  the  four  most  common  varieties  are  described  in  the  probable  order  of  their 
formation. 

The  first  variety  is  usually  of  light  color  and  not  very  coarse  grain.  It  occurs  in  small 
■  contorted  lenses  and  dikes  in  the  granite  and  surrounding  rocks.  Microcline,  quartz, 
oligoclase,  orthoclase,  and  muscovite  are  present  in  decreasing  amount.  Small  red  garnets 
are  numerous  in  some  specimens  and  ilmenite  is  a  prominent  constituent  of  some  of  the 
small  masses.  Crushing  can  be  seen  to  have  taken  place  in  much  of  the  rock.  In  some 
cases  it  appears  as  if  contortion  had  gone  on  while  the  pegmatite  was  unsolidified. 

The  pegmatite  of  the  second  variety  is  a  light-colored  rock,  much  of  it  somewhat  foliated 
or  gneissic,  whose  chief  constituent  is  feldspar.  Ttie  microscope  shows  large  individuals  of 
orthoclase  with  well-developed  cleavage,  some  of  them  with  microperthitic  intergrowths  of 
albite.  Numerous  smaller  grains  of  albite  also  occur  near  the  periphery  of  the  orthoclase 
individuals.  Narrow  tongues  of  quartz  appear  to  be  eating  into  the  feldspars  and  are 
surrounded  by  small  grains  of  micropegmatite — a  granophyric  intergrowth  of  quartz  and 
feldspar.  Small  shreds  and  scales  of  brown  biotite  are  plentiful  in  some  parts  of  the  section, 
and  associated  with  the  biotite  particularly  are  small  prisms  of  monazite.  In  thin 
section  this  mineral  is  pale  yellow,  and  has  a  high  index  of  refraction  and  apparently  rather 
low  double  refraction.  In  many  places  the  dik^  contain  flakes  of  graphite,  whose  origin 
is  undoubtedly  primary. 

Dikes  of  this  kind  are  rather  common  in  the  western  part  of  Cherokee  County,  where 
they  are  injected  into  gneiss  and  amphibolite,  and  where,  on  sufficient  decomposition,  they 
are  sometimes  worked  for  monazite. 

The  third  variety  of  pegmatite  is  very  light  colored  and  fairly  coarse  grained.  In  most 
places  quartz  and  feldspar  are  the  only  constituents  visible  in  the  hand  specimen,  but  in 
some  places  muscovite  is  present  and  locally  cassiterite  becomes  an  essential  constituent. 
It  is  rather  easily  decomposed  and  weathers  to  a  soft  mass  chiefly  made  up  of  kaolin. 

Microcline  is  abundant  in  large  individuals  penetrated  by  grains  of  albite  and  by  long, 
narrow  tongues  of  quartz,  which  look  as  if  they  had  eaten  their  way  into  the  feldspar.  Along 
the  borders  of  these  lai^er  quartz  individuals  are  small  grains  of  different  orientation.  The 
quartz  is  crowded  with  fluid  inclusions.  Much  of  the  muscovite  is  converted  into  the  fibrous 
variety,  sericite,  by  crushing.  Cassiterite,  when  present,  occurs  as  crystalline  grains  of 
dark  color  and  pleochroic  under  the  microscope.  This  kind  of  pegmatite  is  known  only  in 
the  vicinity  of  the  Ross  tin  mine,  near  Gaffney,  Cherokee  County,  S.  C.  In  some  respects 
it  resembles  the  monazite-bearing  pegmatites  from  the  western  part  of  Cherokee  County, 
and  the  occurrence  of  a  notable  amount  of  monazite  in  the  bed  of  the  stream  which  crasses 
the  dikes  of  the  Ross  property  may  be  an  indication  that  this  variety  also  is  monazite 
bearing.    Neither  biotite,  monazite,  nor  graphite  has  been  found  in  the  Ross  dikes,  however. 

A  slight  change  in  composition  of  the  pegmatite  of  this  class  would  probably  result  in 
the  production  of  the  fourth  variety. 

The  fourth  kind  of  pegmatite  consists  very  largely  of  quartz  and  muscovite.  It  is 
coarse  grained,  some  of  the  mica  flakes  attaining  a  width  of  10  cm.,  and  in  this  way  merits 
the  name  "giant  granite"  sometimes  given  to  it. 

As  a  rule  feldspar  is  absent  or  only  sparingly  present,  but  in  certain  cases  good-sized 
crystals  of  feldspar  are  rather  abundant.  Where  these  dikes  penetrate  the  metamorphic 
rocks  they  seem  in  general  to  contain  much  mica  and  little  or  no  feldspar.  Where  they 
cut  the  granite  or  granitic  gneiss,  on  the  other  hand,  they  usually  hold  a  plentiful  amount 
of  feldspar  and  decidedly  less  muscovite.  Cassiterite  is  in  some  places  an  important  con- 
stituent and  seems  to  be  most  abundant  in  the  mica-rich  varieties.  Among  other  minerals 
which  have  been  found  in  these  dikes  are  large  but  imperfectly  terminated  crystals  of 
spodumene,  violet-blue  or  bright-green  apatite,  and  a  brownish  or  yellowish-brown  lithia- 
manganese  phosphate,  probably  lithiophilite.  These  dikes  are  in  some  places  so  resistant 
to  atmospheric  agencies  as  to  outcrop  conspicuously.  Many  of  them  are  very  friable, 
however,  and  hence  disintegrate  and  are  concealed  by  soil.    This  variety  of  pegmatite  is 
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described  at  greater  length  in,  the  section  devoted  to  the  occurrence  of  tin  (pp.  31-32) .  Dikes 
of  this  rock  appear  or  have  been  exposed  in  many  places  along  the  Kings  Mountain  Range. 
They  extend  in  a  belt  which  crosses  Lincoln,  Gaston,  Cleveland,  and  Cherokee  counties,  and 
passes  beyond  the  limits  of  the  area  concerned  in  this  report. 

The  possibility  that  the  various  types  just  described  may  be  members  of  a  continuous' 
series  has  already  been  stated.  Whether  such  is  the  case  or  not,  it  seems  probable  from 
the  amount  of  foliation  which  each  has  suffered  that  the  types  appeared  in  the  order 
described.  The  first  variety  is  almost  always  considerably  crushed.  The  others  arc  pro- 
gressively less  affected  and  the  fourth  variety  only  here  and  there  gives  evidence  of  having 
been  deformed. 

In  the  description  of  the  granite  (p.  20)  the  opinion  is  expressed  that  the  gneiss  and  granite 
belong  to  the  same  period  of  intrusion,  were  derived  from  the  same  magma,  and  differ 
only  in  having  suffered  unequal  amounts  of  squeezing  consequent  on  being  erupted  at  some- 
what different  times.  It  is  here  proposed  to  extend  this  hypothesis  still  further  to  aid  in 
explaining  the  origin  of  the  pegmatite. 

Pegmatite  of  the  first  variety  cuts  the  granite  and  suggests  at  once  the  conclusion  that 
it  was  a  part  of  the  granite  magma.  The  other  varieties  of  pegmatite  were  nowhere  found 
cutting  massive  granite.  In  the  northwestern  part  of  Gaston  County,  however,  pegmatite 
dikes  of  the  fourth  type  arc  abundant  in  the  somewhat  gneissic  granite,  and  the  impression 
convoyed  by  the  appearance  of  these  dikes  is  that  they  arc  related  to  the  rock  which  they 
cut.  If  the  granite  were  not  foliated,  it  might  be  said  without  hesitation  that  the  pegmatite 
dikes  represent  the  last  phase  of  the  eruption  which  resulted  mainly  in  the  production  of 
granite.  The  fact  that  the  granite  is  rather  gneissic,  however,  while  the  pegmatite  is 
practically  uncrushed,  indicates  that  considerable  time  has  elapsed  between  the  intrusion 
of  the  two  rocks.  This  would,  in  general,  be  sufficient  to  prove  that  the  two  could  not  have 
been  derived  from  the  same  magma.  In  this  case,  however,  it  is  believed  that  a  particular 
combination  of  circumstances  accounts  for  the  seeming  paradox  of  pegmatite  cutting  its 
parent  granite  after  the  latter  had  been  rendered  gneissic. 

If  the  gneiss  is  really  the  earliest  portion  of  the  granite  magma,  which  happened  to  be 
caught  in  the  grasp  of  expiring  dynamic  metamorphism,  and  if  the  last  of  the  granite  was 
late  enough  to  escape  nearly  all  the  squeezing — in  other  words,  if  the  granite  and  gneiss 
are  related— it  is  conceivable  that  pegmatite  and  gneiss  can  bear  exactly  the  same  relation 
to  each  other  as  pegmatite  and  granite. 

It  is  beli(»ved,  in  short,  that  the  pegmatite — the  residuum  from  the  solidification  of  the 
granite,  the  last  of  the  material  to  be  ejected  in  a  molten  state  from  the  magma  reservoir — 
appeared  after  almost  all  regional  metamorphism  had  subsided,  and,  coming  frx)in  the 
heated  interior,  where  the  effects  of  surface  folding  were  not  felt,  cut  the  gneissic  and  the 
massive  granite  indiscriminately,  except  that  the  gneiss,  having  been  subjected  to  pressure 
and  stress,  was  probably  weaker  and  allowed  an  easier  access  of  the  material  than  the 
massive  granite.  Such  a  hypothesis,  if  true,  would  account  for  the  relation  of  the  pegma- 
tite to  the  foliated  granite  and  for  its  greater  abundance  in  that  phase  of  the  rock.  It  is 
realized  that  this  theor}'  is  opcMi  to  the  criticism  that  it  is  based  on  an  artificial  and  perhaps 
unwarranted  grouping  of  favorable  conditions.  But  the  intimate  lithologic  connection 
between  gneiss  and  granite  and  the  clase  relation  of  pegmatite  and  gneiss,  added  to  the 
fact  that  the  }>egniatite  is  alniast  certainly  related  to  some  mass  of  granite,  have  favored 
the  ueceptancc  of  this  hypothesis. 

PORPHYRY. 

In  n  few  places  maases  of  rock  with  porphyritic  texture  intrude  the  .surrounding  schists. 
Thesi'  masses  are  in  nil  known  occurrences  closely  associated  with  gold  deposits  and  are  in 
conwKjuence  much  altered.  In  g(»neral  they  are  light-grayish,  granitic-looking  rocks,  of 
moderate  grain.  Phenocrystic  grains  of  quartz  are  visible  in  many  hand  specimens.  In 
the  least  altered  rock  from  the  Brewer  mine  crystalline  individuals  of  an  unknown  mineral 
(see  p.  90)  arc  easily  recognizable. 
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Under  the  inicroiiKM)pe  the  rocks  arc  fm^n  to  consist  of  good-sized  individuals  of  quartz, 
.some  of  which  are  developed  as  bipyramids,  and  very  turbid  crystaJH  of  orthoclase  and 
oligoclasc>,  de<;om posing  into  kaolin,  sericite,  and  epidote.  In  the  rock  from  the  Brewer 
mine  large  individuals  of  the  unknown  mineral  are  being  slowly  converted  into  sericite. 
The  matrix  for  all  thes**  individuals  is  a  fibrous  mass  of  sericite.  Magnetite  is  present  in 
some  specimens  and  is  probably  a(*condary.  Pyritc  is  abundant  in  places.  A  litth^  rutilo 
has  probably  been  formed  by  the  decomposition  of  some  original  titanium-bearing  mineral. 
There  is  no  indication  that  dark  silicates  were  ever  pre^nt. 

These  porphyrie,s  have  been  found  at  the  Brewer  mine  in  Chesterfield  County  and  at  the 
Blackmon  mine  in  Lancaster  County.  It  is  probable  that  they  are  closely  related  to  the 
tuffs  found  at  the  Ilaile,  Colossus,  and  Ferguson  mine^.  While  it  is  difficult  to  determine 
the  original  chara<'tcr  of  these  rocks,  because  of  their  altered  condition,  they  probably 
belong  in  the  quartz-monzonite-porphyry  group.  At  the  Brewer  mine  the  porphyry  shows 
in  places  the  effects  of  brecciation. 

Keith  a  has  described  a  series  of  volcanic  rocks  from  the  Cranberry  quadrangle,  about  80 
miles  northwest  of  the  area  embraced  by  this  report.  The  rocks  there  are  considered  to  bo 
altered  rhyolites,  andesites,  basalts,  and  diabases,  and  are  thought  to  be  of  Algonkian  age. 
Keith  believes  that  the  porphyritic  rocks  in  the  two  localities  are  similar. 


Dikes  of  diabase  o<"cur  at  many  places  through  the  area  studied  and  represent  the  last 
phase  of  eruptive  activity  experienced  here.  These  bodies  range  from  a  few^  to  2t)0  or  more 
feet  in  width,  and  cut  any  or  all  of  the  other  hard  rocks  of  the  district.  The  material  of 
the  dikes  ranges  from  moderately  to  very  fine  grained  and  is  of  greenish-black  color.  Indi- 
vidual minerals  can  with  difficulty  be  determined  by  the  unaided  eye.  The  rot^k  is  fairly 
resistant  to  weathering  and,  although  seldom  outcropping,  furnishes  much  float  which 
marks  the  course  of  the  dikes.     It  weathers  in  the  concentric  layers  characteristic  of  diabase. 

In  thin  section  the  rock  is  found  to  be  a  typical  olivine  diabase.  Plagioclase,  a  calcic  labra- 
dorite,  in  long,  narrow  laths,  was  the  first  mineral  to  form.  Olivine  is  generally  abundant 
and  occurs  mainly  in  automorphic  crystals,  but  here  and  there  in  irregular  grains.  On 
decomp<Ksition  it  changes  into  the  mineral  called  iddingsite,  which,  in  thea<^  rocks  particu- 
larly, s<vms  certainly  to  be  a  micaceous  mineral.  Less  commonly  it  alters  to  a  material 
which  is  of  almost  identical  appearance  in  ordinary  light,  but  which  is  isotropic.  In  a  few 
places  serpentine  results  from  the  olivine.  Augite  is  abundant,  usually  as  irregular  intersti- 
tial individuals,  but  locally  in  crystals  of  fairly  good  form.  It  is  slightly  pleochroic  in 
colors  suggesting  a  smal  I  content  of  titania.  Cleavage  is  very  well  developed.  Some  of  t  he 
pyroxene  may  be  diallage.  Closely  associated  with  the  olivine  and  commonly  included  in 
it  arc  numerous  small  o<>tahedral  crystals  of  perofskite.  The  exterior  of  the  crystals  ic 
nearly  opa(jue,  while  the  interior  is  a  rather  dark  brown.  Small  cr>'stalline  grains  of  black 
iron  ore,  probably  titanic,  are  especially  associated  with  the  pyroxene.  The  ophitic  texture 
is  beautifully  exhibited. 

8EDIKEVTAET  ROCKS. 

Sediments  which  have  been  deposited  sinco  the  cessation  of  regional  metamorphism  and 
which  arc,  in  consequence,  present  in  the  state  in  which  they  were  laid  down,  are  of  unimpor- 
tant ext<*nt  in  this  locality. 

"MONROE"  BISDS. 

Extending  for  a  considerable  distance  about  Monroe,  Union  County,  N.  C,  are  horizontal 
or  slightly  tilted  beds  of  fine-grained  material,  well  stratified.  They  were  seen  by  the  writer 
only  to  the  southwest  of  Monroe,  and  the  following  description  applies  only  to  that  part  of 
their  area.     They  are  considerably  affected  by  decomposition,  and  colored  yellowish  or 


o  Geologic  Atlaa  U.  8.,  folio  90,  U.  8.  Oeol.  8urvcy,  1003. 
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pinkish  by  the  oxidation  of  the  iron  which  they  contain.    Along  the  joint  planes  thin  films 
of  limonite  have  been  deposited. 

The  appearance  of  the  rock  at  once  suggests  that  it  is  a  tuff.  No  conclusive  evidence  has 
been  found  to  prove  this  assumption.  Porphyritic  crystals  have  not  been  observed  and  the 
microscope  shows  only  very  minute  grains  of  quartz  and  of  some  other  mineral  much 
obscured  by  limonite  stain.  The  fact  that  fossils  have  never  been  found  in  these  rocks  is  a 
negative  evidence  in  favor  of  their  being  volcanic  tuffs. 


In  places  along  the  eastern  part  of  the  territory  traversed  are  areas  covered  with  a  clean, 
loose  quartz  sand.  This  is  the  country  of  the  '*  long-leaf"  or  turpentine  pine.  This  deposit 
is  in  most  places  known  to  be  thin,  resting  on  the  Piedmont  rocks,  and  is  doubtless  a  part 
of  the  Coastal  Plain  formations.  It  is  regarded  by  Doctor  Sloan  as  probably  of  Quaternary 
age. 

CLAY. 

Comparatively  small  bodies  of  clay,  like  that  near  Grover,  N  C,  occur  in  isolated  locali- 
ties. They  probably  represent  deposits,  in  small  basins,  of  material  derived  from  the  decay 
of  the  other  rocks. 

ALLUVIUM. 

Along  some  of  the  streams  small  flood  plains  have  been  formed.  They  are  built  up  of  the 
detrital  material  which  the  streams  have  been  forced  to  deposit  and  consist  principally  of 
sand  and  gravel.  These  plains  are,  of  course,  the  most  favorable  localities  in  which  to 
search  for  placer  deposits  of  valuable  heavy  minerals,  such  as  gold,  monazite,  cassiterito,  etc 

EP7SCT8  07  METAM ORPHISX. 

REGIONAL  METAMORPHISM. 

As  may  be  gathered  from  a  statement  of  (he  relative  extent  of  the  three  great  classes 
of  rocks,  this  is  u  region  characterized  by  the  presence  of  metamorphic  rocks.  The  prin- 
cipal elft'cts  of  ihc  agencies  which  caused  the  changes  from  their  original  to  their  present 
fonn  have  been  de*}cribed  in  tlie  section  dealing  with  the  metamorphic  rocks  (pp.  14-19). 

In  stnicturo  the  changes  have  l)een  from  tlie  stratified  sediments,  bedded  tuffs,  and 
massive  igneous  rocks  to  tlie  wholly  crystalline  and  goneralh*  much  foliated  schists.  It 
appears  probable  that  these  mechanical  changes  have  not  been  accompanied  by  marked 
changes  in  chemical  composition;  but  in  some  cases,  as  that  of  the  quartzites,  thei^  has 
been  pronounced  silicification,  while  in  the  amphibolitcs  some  lime  has  doubtless  Ix^en 
removed.  The  molecular  or  mineralogical  changes,  however,  have  been  great.  Feld- 
spars have  been  changed  to  sericite  or  to  epidote,  zoisite,  calcite,  and  a  less  calcic  feldspar. 
Pyroxene  has  been  changed  to  amphibole.  Impure  kaolin  has  become  sericite  and  bio- 
tite.     Ganiet  is  a  conunon  product  in  many  of  the  rocks. 

CONTACT   METAMORPHISM. 

The  changes  induced  in  the  surrounding  rocks  by  the  intmsion  of  igneous  masses  are  of 
much  less  extent  in  this  portion  of  the  Carolinas  than  those  produced  by  dynamic  forces. 
Nevertheless  the  heat,  pressure,  solutions,  and  vapoi*s  caused  by  or  accompanying  the 
molten  material  have  in  this  region  had  a  very  noticeable  elfect  along  the  contacts  of  the 
igneous  bodies.  In  most  case^i  the  stmcture  of  the  original  rock  has  not  been  altered, 
but  hjis  instead  impressed  itvself  on  the  new  minerals  developed,  so  that  the  change  is  a 
pseu(lonioq)hous  ivplacement.  In  only  a  few  instances  has  a  new  fohation  been  devel- 
oped parallel  to  the  contact  of  the  intruding  mass. 

Unlike  the  efFects  of  ivgional  metamorphism,  the  results  at  the  contact  of  igneous  bodies 
have  been  accomplished  by  more  or  less  intense  chemical  and  consequent  mineralogical 
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changes.  The  nature  of  the  intruding  rock,  however,  has  had  much  to  do  with  the  degree 
of  metamorphisni.  The  diabase  dikes  effect  in  the  wall  rocks  ver\'  Httle  change  lieyond 
a  rather  sUght  induration.  Granite,  on  the  other  hand,  has  produced  very  pronounced 
changes.  Little  opportunity  was  found  to  examine  the  effects  of  the  large  granite  masses, 
but  in  tlio  c^se  of  some  of  the  smaller  dikes  the  results  can  bo  well  studied. 

In  amphibolite  the  secondary,  uralitic  hornblende  is  generally  converted  into  a  biotite 
which  under  the  microscope  possesses  the  clean  chestnut-brown  color  characteristic  of 
mica  of  this  origin.  In  a  few  cases  a  lavender  amphibole,  related  to  glaucophane,  accom- 
panies this  secondary  biotite.  It  appears  in  long,  slender  prisms  of  amphibole  outline, 
with  cleavage  not  so  perfect  as  is  conunon  in  hornblende.  A  trans^^erse  parting  is  also 
present.  The  plane  of  the  optic  axes  is  the  clinopinacoid  and  the  maximum  value  of 
the  angle  C:<i  is  16®.  It  seems  probable  that  this  orientation  of  the  axes  of  elasticity  is 
somewhat  variable,  for  most  sections  give  a  much  smaller  extinction  angle.  The  char- 
acter of  the  double  refraction  is  positive.  Pleochroism  is  noticeable,  as  follows:  3= pale 
yellow  to  colorless,  b=very  delicate  lihic,  C=lavender;  r>b>a.  Some  of  the  amphi- 
bolite is  tinged  with  a  border  of  a  green,  strongly  pleochroic  mineral,  of  fairly  strong  double 
refraction  J  which  may  be  another  amphibole  intergrown  with  the  lavender  variety.  Small 
red  garnets  are  developed  in  some  abundance,  tourmaline  and  magnetite  are  introduced 
in  certain  cases,  and  not  uncommonly  small  grains  of  sulphides,  pyritc,  pyrrhotite,  and 
chalcopyrite,  many  of  them  intergrown,  impregnate  the  wall  rock.  These  changes  become 
less  prominent  away  from  the  contact,  but  the  secondary  biotite  has  been  found  more 
than  10  feet  from  the  granite. 

Tlio  effect  on  rocks  other  than  amphibolite  has  not  been  carefully  studied.  The  prin- 
cipal result  seems  to  be  the  development  of  the  brown  biotite. 

Pegmatite  as  a  rule  acts  in  -a  similar  way  to  granite,  except  that  its  action  is  m  most 
cases  much  less  pronounced.  In  a  few  instances,  however,  tourmalinization  of  the  imme- 
diately adjoining  wall  rock  has  been  exceedingly  intense.  Garnets  and  sulphides  are  sel- 
dom seen  at  the  contact  of  pegmatite  dikes. 

The  motasomatic  replacement  effected  by  quartz-vein  solutions  in  their  wall  rocks  is 
in  these  southern  deposits  strikingly  like  that  produced  by  contact  metamorphism.  This 
feature  is  dwelt  on  at  greater  length  under  the  heading  "Grold  *'  (pp.  63-64),  but  it  may  be 
said  at  this  point  that  tourmaline,  garnet,  magnetite,  and  sulphides  characterize  the  wall 
nx>ks  of  many  of  the  quartz  veins  and  the  resulting  products  arc  in  some  cases  almost 
indistinguishable  from  those  caused  by  granite  or  aplite  dikes.  Porous  rocks,  like  the 
accidie  volcanic  tuffs,  have  in  many  places  been  subjected  to  intense  silicificAtion. 

iVll  these  results  of  contact  metamorphism  bear  evidence  that  they  were  produced  at 
great  depths  and  have  been  exposed  only  by  profound  erosion. 

nYDBOMETAMORPmSlf. 

Throughout  the  southern  Piedmont  region  the  effects  of  weathering  are  very  prominent. 
In  many  places  marked  decomposition  of  the  rocks  has  extended  over  100  feet  below  the 
surface.  It  is  believed  that  the  physiographic  history  of  the  region  has  allowed  this  wpath- 
ering  to  proceed  to  so  great  a  depth.  With  the  slow  rate  of  erosion  as  base-level  was 
attained  and  the  help  of  those  cx)nditions  which  are  supposed  to  exist  at  such  a  stage, 
decomposition  of  the  rocks  exceeded  erosion  of  the  products  of  decomposition  and  in  con- 
seciuence  extended  to  very  unusual  depths.  This  decomposition  seems  to  have  been,  except 
perhaps  within  a  few  feet  of  the  surface,  much  more  a  hydration  than  an  oxidation — a 
fact  which  probably  indicates  that  there  was  sluggish  circulation  of  the  traters  that  caused 
this  change.  So  far  as  they  have  been  studied,  the  principal  products  of  this  hydration 
are  kaolin  and  chlorite.  Magnetite  is  oxidized  to  limonite  near  the  surface  and  colors 
red  or  brown  all  the  rocks  which  contain  it.  The  amphibolites  thus  produce  a  very  red 
soil,  while  much  of  the  magnetite-bearing  itacolumite  is  stained  red  or  pink.  The  quartz- 
itcs  become  friable,  partly  from  solution  of  the  cementing  silica  and  partly  from  decompo- 
sition of  the  mica  which  helps  bind  the  grains  together.    The  limestones  are  dissolved. 
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leaving  a  small  amount  of  red  residual  soil  at  the  surface.  (See  PL  II.)  The  granites 
and  gneisses  arc  much  leas  affected  than  the  more  schistose  rocks,  but  are  somewkat  decom- 
posed near  the  surface,  the  principal  change  l)cing  the  conversion  of  feldspar  into  kaolin. 
Those  pegmatites  which  are  poor  in  feldspar  are-  fairly  resistant  to  decomposition,  and 
some  of  them  outcrop  distinctly;  but  the  feldspai^rich  varieties  are  readily  aflfected  by 
weathering.  In  most  cases  where  observed,  the  porphyritic  and  tuflaceous  rocks  have 
been  sufficiently  silicified  to  enable  them  to  resist  extreme  decomposition.  The  diabase 
dikes  very  commonly  outcrop  in  the  characteristic  '* nigger-head"  fashion,  showing  that 
the  rock  has  not  been  greatly  decomposed. 

STRATIGUAPHY  AND  STRUC'TUUE. 

The  broadest  features  of  the  structure  of  this  area  and  its  relation  to  the  rest  of  the 
Appalachian  province  have  been  outlined  on  pages  10-1 1 .  All  the  foUated  or  schistose  rocks 
strike  in  a  northeasterly  direction,  varying  from  N.  20°  E.  to  N.  65°  E.,  and  dip  at  high 
angles,  usually  between  45°  and  90°,  either  to  the  northwest  or  to  the  southeast,  but 
probably  most  commonly  to  the  northwest. 

Undoubtedly  the  beat  place  for  studying  the  structure  within  the  area  described  is  along 
the  Kings  Mountain  Range,  partictilarly  in  the  vicinity  of  Blacksburg,  S.  C.  The  strati- 
graphic  relations  are  much  more  evident  there  than  elsewhere  and  furnish  the  nex'essary 
key  for  deciphering  the  structure.  Moreover,  the  intimate  dependence  of  the  distribution 
of  the  tin  deposits  on  the  structure  of  the  Kings  Mountain  belt  warranted  the  expenditure 
of  more  time  on  the  examination  of  the  geology  of  this  particular  locality  than  was  possible 
in  other  places.  Yet  even  here  the  study  was  so  hasty  that  the  writer  does  not  feel  justified 
in  attempting  to  enumerate,  in  exact  order,  the  formations  which  occur,  nor  to  represent 
their  respective  attitudes  in  a  sketch.  The  Kings  Mountain  belt  will  be  first  described 
and  remaining  portions  of  the  area  will  be  considered  later. 

KINGS  MOnNTAIN  BELT. 
RELATIONS   OF   THE    ROCKS. 

The  Kings  Mountain  Range  is  made  up  of  nearly  all  the  schistose  rocks  described  in  the 
preceding  pages.  A  broad  view  in  tlie  field  confirms  the  idea  that  many  of  the^e  rooks 
are  of  sedimentary  origin  by  revealing  a  stratigraphic  succeission  characteristic  of  sedi- 
mentary formations.  Impure  quartzites,  biotite  and  sericite  schists,  and  partially  mar- 
morized  limestones,  representuig  original  sandstones,  conglomerates,  shales,  and  linx^- 
stones,  are  l)edded  with  true  sedimentary  regularity.  At  the  limestone  quarry  south  of 
Galfney,  S.  C,  th(»  limestone  is  seen  pjLssing  upward  into  impure  quartzite,  which  is  exposed 
in  typical  development  along  a  road  not  far  to  the  northeast.  On  the  west  bank  of  Kings 
Cr(>ek,  near  the  point  where  it  entem  Broad  River,  a  quartz-rich  conglomerate  ^\^th  a  chloritic 
matrix  is  exposed.  It  probably  repn-sents  a  transition  into  the  quartzitic  beds  which  occur 
jiLst  above,  capping  the  blufT  on  the  eastern  side  of  the  creek.  On  the  summit  of  Drayton- 
ville  'Mountain  is  a  similar  occurrence  of  much-metamorphosed  conglomerate  pa.ssing  into 
quart  zite.« 

Intercalated  with  these  several  nx'ks  are  layers  of  iron  and  manganese  ores  and  bands  of 
graphite  or  graphitic  schist.  As  might  Im»  expected,  these  l)eds  are  less  persistant  and 
regular  than  the  strata  which  inclose  them.  It  is  iK'lieved  that  the  iron,  manganese,  and 
graphite  U'ds  represent  Im^alized  deposits  in  bogs  or  swamps,  while  the  sandstones,  shales, 
and  limestone^}  were  deposited  in  mucli  mon^  extensive  baJ^ins,  possibly  in  the  ocean  itself. 
It  should  1)0  stated  here,  however,  that  not  all  the  iron  deposits  of  the  Kings  Mountain 
belt  are  attributable  to  such  an  origm. 

a  Cf.  Tiumiov.  M..  lUpt.  Tn'ol.  and  Aj?r.  Siirvov  South  rarolina.  1844.  p.  18;  (leologv  of  South  Carolina, 
1848.  p.  77;  and  LielxT,  U.  M..  Survey  of  South  Carolina,  vol.  2,  1858.  pp.  40-42. 
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From  evidcnco  fumishod  by  the  structure  which  is  described  in  the  next  section,  a 
succession  has  been  determined  which  is  probably  fairly  correct.  Beginning  with  the 
lowest  member  the  rocks  are  biotite  schist,  limestone,  })iotite  schist,  sericite  schist,  con- 
glomerate, quartzitc,  graphite,  or  graphic  schist,  sericite  schist  containing  a  bed  of  manga- 
nese ore,  beds  of  iron  ore,  sericite  s<'.hist.    The  thickness  of  the  beds  was  not  determined. 

These  strata  are  penetrated  or  separated  by  layers  of  amphilx>lite  lying  in  parallel 
position.  It  se«ms  probable  that  part  of  the  amphibolite  represents  intercalated  intrusions 
into  the  sediments,  while  part  represents  interstratified  deposits  of  basaltic  tuff  or  flows 
of  basalt  lava.  Ancient  bodies  of  granite,  now  converted  into  a  more  or  less  foliated 
gnei.<%s,  are  likewise  intercalated  with  the  other  rocks.  More  recent  intrusions  of  granite, 
pegmatite,  and  diabase  have  also  penetrated  these  strata. 

STRUCTURE. 

The  strike  and  dip  which  are  most  prominent  in  these  rocks  are  dependent  on  the 
direction  of  schistosity  or  foliation  induced  by  movement.  But  it  is  found  that  the  foUation 
is  parallel  to  the  bedding  of  the  rocks.  There  may  be  in  some  cases  a  slight  divergence  of  the 
plane  of  schistosity  from  that  of  sedimentation,  but  such  was  not  observed.  A  determi- 
nation of  the  strike  and  dip  of  the  foliation  will  therefore  throw  light  on  the  stnicture  and 
position  of  the  sedimentary  strata  and  hence  will  indicat-e  what  changes  have  taken  place 
since  the  l)eds  were  deposited  in  their  originally  horizontal  position. 

A  traverse  across  the  Kings  Mountain  Range  in  the  vicinity  of  Blacksburg  shows  that 
the  ridges  are  composed  of  the  hard,  resistant  quartzites  and  that  the  valleys  l)etween 
mark  the  position  of  the  softer  schists  and  the  limestone.  Starting  near  the  North  Carolina 
boundary  and  passing  along  a  southeasterly  line  through  the  town  of  Blacksburg,  the 
ol)server  encounters  the  upturned  edges  of  the  ix^ds  enumerated  ai)ove,  l)eginning  at  the 
top.  These  rocks  dip  steeply  to  the  northwest;  in  places  they  are  nearly  vertical.  To 
the  southeast  from  Blacksburg  the  same  rocks  are  observed  but  in  the  reverse  order 
and  generally  dipping  very  steeply  to  the  southeast,  although  in  some  cases — for  instance, 
the  quartzitc  of  Kings  Mountain — the  dip  is  steep  to  the  northwest. 

It  is  evident  that  the  rocks  are,  in  general,  symmetrically  arranged  with. respect  to  an 
axis  which  lies  l)etween  the  two  layers  of  limestone .«  While  the  evidence  is  not  so  con- 
clusive as  would  be  desirable,  it  seems  probable  that  the  dips  on  the  opposite  sides  of  this 
axis  are,  in  general,  away  from  each  other.  In  other  words,  this  strip  of  country  is  probably 
an  anticlinal  fold,  with  its  axis  running  northeast  and  southwest.  Blacksburg  is  situated 
jiLst  northwest  of  this  axis.  Because  of  their  comparatively  small  extent,  the  beds  of  iron 
and  manganese  ore  and  the  conglomerate  do  not  always  form  continuous  outcrops  and  are 
not  always  present  on  both  sides  of  the  fold.  With  these  exceptions  the  repeated  suc- 
cession in  reversed  order  is  very  distinct.  Local  variations  in  the  dip  between  the  exposures 
of  limestone  and  quartzite  on  the  southeast  limb  of  the  fold  indicate  that  minor  folding 
has  taken  place  and  has  formed  a  part  of  the  main  anticline.  Another  deviation  from 
exact  symmetry  on  the  two  sides  of  the  axis  Ls  the  fact  that  the  dips  on  the  southeast  are 
rather  steeper  than  those  on  the  northwest  limb  of  the  fold,  with  an  actual  reversal  to 
northwesterly  dip  in  some  places  on  the  southeast  side.  This  indicates  an  approach  toward 
isoclinal  stnicture  with  dip  to  the  northwest. 

If  the  results  of  this  folding  had  not  been  modified  by  erosion,  a  steep-sided  ridge  much 
higher  than  Kings  Mountain  or  Whitaker  Mountain  would  be  present  to-day.  But  after 
the  folding  had  taken  place,  erosion  wore  away  the  highest  parts,  so  that  the  crest  of  this 
fold  has  now  been  completely  cut  down.  The  rate  of  erosion  has  been  slowest  on  the 
resistant  quartzite,  which  therefore  remains  higher  than  the  surrounding  rocks.  Viewed 
in  this  way  it  is  probable  that  the  two  beds  of  limestone  were  once  parts  of  a  single,  con- 
tinuous, flat  stratum  and  that  the  quartzite  of  Whitaker  Mountain  and  of  the  ridge  oxtcnd- 


oCf.  Tuomoy,  M.,  Geology  of  South  Carolina,  1848,  p.  76.  Only  one  of  theae  limeatoiM*  outcrops 
was  acen  by  the  writor.  Old  pits  are  said  to  have  been  made  on  the  other  limb  and  now  to  be  caved 
in  and  filled. 


28      GOLD   AND   TIN   DEPOSITS    OF   SOUTHERN   APPALACHIANS. 

ing  southwest  from  Kings  Mountain  were  similarly  connected  when  in  their  original  hori- 
zontal position.  The  schist  which  appears  between  the  two  limestone  beds  is  the  lowest 
member  of  the  series  exposed,  and  the  schist  overlying  the  quartzite  is  the  highest  member 
which  can  with  certainty  be  assigned  a  definite  geologic  position. 

In  some  places  along  this  belt  only  one  bed  of  limestone  has  been  found;  in  other  places 
three  or  four  layers  are  said  to  occur.  It  may  be  that  two  strata  of  limestone  are  present; 
if  so,  four  outcrops  would  normally  occur  wherever  erosion  has  extended  sufficiently  deep 
to  cut  the  lower  stratum.  If  the  lower  stratum  is  barely  exposed,  then  three  bands  woald 
appear  on  the  surface,  while  if  erosion  had  cut  down  only  to  the  upper  bed  but  one  bead 
would  be  exposed  on  the  surface.  On  the  other  hand,  it  may  be  that  faulting  parallel 
with  the  axis  of  the  fold  has  caused  a  repetition  of  some  of  the  beds  by  uplift  or  a  disap- 
pearance of  some  by  depression.  However,  since  the  limestone  outcrops  are  generally 
obscured  by  coverings  of  clay  and  other  detrital  material,  it  is  easily  conceivable  that  out- 
crops actually  present  have  never  been  discovered.  Since  limestone  is  the  one  member 
of  the  series  by  which  the  details  of  structure  are  at  all  readily  deciphered,  and  since  the 
data  which  it  furnishes  are  not  conclusive,  it  is  impossible  without  further  study  to  decide 
the  direction  and  amount  of  pitch  of  the  fold  and  whether  or  not  faulting  has  taken  place.a 
Both  Tuomey  b  and  Liobcrc  recognized  this  anticlinal  structure. 

The  foliation  of  the  igneous  masses,  the  amphibolite,  and  the  gneiss  is  of  course  parallel 
with  that  of  the  sedimentary  rocks,  since  both  were  subject  to  the  same  forces. 

Granite,  pegmatite,  and  diabase  have  been  intruded  since  the  folding  and  foliation  took 
place,  and  hence  are  massive  and  almost  unchanged.  The  form  and  distribution  of  the 
granite  and  pegmatite  bodies  were  largely  influenced  by  the  structure  of  the  rocks  which 
they  invaded,  and  hence  they  are  elongated  masses  striking  with  the  surrounding  rocks. 
The  pegmatite  of  course  occurs  as  dikes.  The  diabase  also  is  in  the  iorm  of  dikes,  but 
more  commonly  cuts  across  the  formations  than  runs  parallel  with  them. 

The  general  trend  of  the  Blacksburg  anticline  is  northeasterly,  but  certain  irregularities 
are  worthy  of  mention.  At  Gaffney,  S.  C,  the  rocks  and  the  axis  of  the  fold  strike  about 
N.  45°  E.  From  a  short  distance  northeast  of  Gaffney  to  Kings  Mountain  the  strike  is 
about  N.  55°.  E.  Thence  into  Lincoln  County  the  strike  is  about  N.  20-25°  E.  This  jog 
or  bond  in  the  fold  near  the  State  line  corresponds  on  a  reduced  scale  with  the  similar 
change  of  trend  of  the  Appalachians  to  the  northwest. 

An  interesting  side  light  on  the  structure  of  this  region  is  the  behavior  of  the  well  which 
supplies  the  water  for  the  town  of  Gaffney,  S.  C.  This  well,  about  550  feet  deep,  is  said  to 
be  wholly  in  schistose  and  gnoissic  rocks.  With  the  exception  of  such  minor  elevations  as 
Draytonvillo  and  Tliickety  mountains  and  slight  ridges  and  valleys  occurring  here  and 
there,  the  country  is  practically  level  for  milc^s  around.  In  spite  of  this  fact,  the  well  for 
some  time  after  cx)mpletion  was  of  the  artesian  type,  a  steady  flow  of  water  rising  several 
inches  alx)ve  the  top  of  the  pipe.  This  phenomenon  may  possibly  indicate  that  Gaffney  is 
located  on  a  .syncline,  but  is  probably  to  be  explained  by  some  other  peculiarity  of  structure. 

OTHER  PARTS  OF  THE  AREA. 

Interpretation  of  the  structure  in  other  portions  of  the  area  is  much  more  difficult,  prin- 
cipally because  of  the  lack  of  distinctiveness  in  the  formations  exposed.  Quartzite  is 
known  in  isolated  localitie^s,  as  on  Henry  Knob  and  Nannies  Mountain,  but  definite  strati- 
graphic  relations  have  not  been  found  outside  of  the  Kings  Mountain  Range,  where  the 
limestone  is  the  main  factor  in  solving  the  problem. 

Nevertheless,  it  is  believed  that  the  general  conclusions  reached  in  the  Kings  Mountain 
belt  may  be  applied  to  some  extent  to  other  ix)rtions  of  the  region.  It  is  probable  that  a 
fold  s<)  marked  as  the  Hlacksburg  anticline  would  bo  accompanied  by — would,  in  fact,  be 


o  Lichcr,  O.  M..  Survey  of  South  Carolina,  vol.  3,  1S.')9,  pp.  112,  116. 

''  Jtopt.  Gcol.  and  Apr.  Survey,  South  Carolina,  1S44,  p.  16:  Geology  of  South  Carolina,  1848,  p.  99. 
c  Op.  <it..  vol.  1,  p.  9^.  Pi.  V.    Cf.  also  Nitze,  H.  B.  C,  BuU.  North  Carolina  Geol.  Survey  No.  1,  1893. 
map  opp.  p.  85. 
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only  one  of — many  other  similar  folds.  In  re^ons  of  intense  movement  isoclinal  or  over- 
turned folding  is  very  common.  It  seems  probable  that  almost  or  quite  the  whole  of  the 
area  has  been  subjected  to  repeated  folding,  with  axes  trending  in  a  northeasterly  diree- 
tion.  Prevailing  isoclinal  folds  would  account  for  the  predominant  northwesterly  dips, 
while  southeasterly  dips  could  be  explained  by  the  presence  of  more  nearly  sjrmmetrical 
folds,  like  the  Blacksburg  anticline.  Thrust  faulting  may  also  have  taken  place.  Such 
an  explanation  accords  with  the  accepted  idea  of  structure  elsewhere  in  the  Appalachian 
province,  where  conclusions  can  be  more  safely  drawn.  Careful  and  detailed  study  will 
be  required  to  prove  the  truth  or  falsity  of  this  hypothesis. 

At  one  place  the  structure  is  worthy  of  mention.  The  "Monroe"  beds,  southwest  of 
Monroe,  N.  C,  are  very  well  bedded  and  in  most  places  have  only  small  dips.  In  several 
places  cuts  along  a  new  road  expose  a  structure  illustrated  in  fig.  2.  The  beds  are  bent 
up  as  if  by  a  thrust  from  below  and  are  broken  and  crushed.  The  material  in  the  crushed 
zone  is  of  the  same  character  as  that  of  the  beds.  This  structure  resembles  the  products 
of  some  of  Willis's  a  experiments  in  the  folding  of  sediments.  It  is  a  fold-fault  produced 
by  compression,  and  probably  results  from  expansion  of  the  beds  due  to  atmospheric 
alteration. 


Scale  of  feet 

I  2  3 


Fio.  2.— Sketch  of  exposure  along  road  west  of  Monroe,  N.  C,  showing  disturbance  of  "  Monroe  "  beds. 
a,  Soil;  b,  disintegrated  tuff;  c,  volcanic  tuff. 

AGE  OF  THE  ROCKS. 

Almost  from  the  beginning  of  geologic  study  in  this  region  the  age  of  the  rocks  has  been 
the  subject  of  much  investigation  and  speculation.  The  earlier  workers  found  slight 
encouragement  in  the  results  of  their  labors,  and  it  must  bo  admitted  that  our  views  have 
advanced  very  little  beyond  theirs.  It  used  to  be  supposed  that  practically  all  the  ore 
deposits  of  these  Southern  State-s  were  contemporaneous  in  origin  with  the  inclosing  rocks. 
Attention  was  therefore  directed  principally  to  the  metamorphic  rocks,  in  which  most  of 
the  deposits  of  economic  value  occur. 


METAMORPHIC   BOCKS. 

From  their  crystalline  structure  and  the  absence  of  oi^nic  remains  these  schistose  rocks 
were  first  supposed  to  represent  part  of  the  original  crust  of  the  earth  and  were  called 
primitive  or  primary.  Emmons  &  in  his  report  of  1856  considered  these  rocks  as  the  old- 
est sediments  of  the  globe  and  placed  them  at  the  base  of  the  Paleozoic,  in  what  he  called 
the  Taconic  system.     On  the  basis  of  what  he  supposed  to  be  fossils,  he  concluded  that 


o  Willis,  Bailey,  The  mechanics  of  Appalachian  structure:  Thirteenth  Ann.  Kept.  U.  8.  Geol.  Sui^ 
vey,  pt.  2.  1893.  Pis.  LXXV,  a';  LXXXII,  e. 
S  Emmons,  £.,  Oeol.  Kept.  Midland  Counties  of  North  Carolina,  1856,  pp.  41-45, 00-64. 
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these  rocks  contain  the  first  record  of  life  on  the  earth.  It  was  later  shown  that  the  speci- 
mens which  he  supposed  to  be  fossils  were  not  of  organic  origin.  Lieber,  working  in  the 
late  fifties,  regarded  the  Kings  Mountain  series  as  Silurian.a  Kerr  b  in  1875  placed  the 
Kings  Mountain  series  in  the  Huronian  system  and  considered  the  other  rocks  of  the  area 
as  Laurontian.  Becker  c  and  Nitze^'  concluded  that  the  metamorphic  rocks  of  the  cen- 
tral Carolinas  were  of  Algonkian  age. 

From  the  description  of  these  rocks  and  their  structure  Dr.  C.  W.  Hayes  favors  the  view 
that  they  are  Cambrian,  and  hence  that  the  Blacksburg  fold  is  a  syncline — one  of  a  series 
to  which  belong  several  others  known  in  the  region  farther  west. 

Acquaintance  with  the  rocks  occurring  to  the  northwest  of  this  area  leads  Mr.  Arthur 
Keith  to  believe  that  the  schistose  rocks  here  described  belong  somewhere  between  the 
beginning  of  the  Cambrian  and  the  end  of  the  Carboniferous;  that  the  metamorphism 
which  affected  them  took  place  in  or  at  the  close  of  the  Carboniferous,  and  consequently 
that  the  unfoliated  igneous  rocks  are  post-Carboniferous. 

Satisfactory  proof  of  the  presence  of  fossils  in  these  rocks  has  never  been  made,  although 
the  discovery  of  organic  remains  has  been  several  times  reported,  e 

It  seems  unlikely  that  the  age  of  these  rocks  will  ever  be  determined  by  biologic  evidence, 
because  it  is  doubtful  if  such  evidence,  even  if  it  has  ever  been  present,  is  preserved.  It  is 
conceivable,  however,  that  some  place  in  the  limestone  may  be  found  where  there  has  been 
so  little  alteration  that  fossils  may  remain  and  be  identified. 

It  is  far  more  probable  that  the  age  of  the  rocks  will  be  determined  only  by  stratigraphic 
methods.  Extremely  careful  study,  consisting  in  tracing  formations  and  gradations  in 
character  from  rocks  of  known  age  continuously  up  to  these  very  rocks,  will  be  required  to 
reach  final  conclusion  by  lithologic  or  structural  correlation.  Any  opinion  based  on  no 
more  definite  stratigraphic  relation  to  known  rocks  than  has  yet  been  found  can  at  best  be 
only  tentative. 

These  metamorphic  rpcks  are  in  some  places  on  the  east  overlain  by  beds  of  the  **  Newark  '* 
sj^stem,  now  regarded  as  Triassic,  showing  that  these  rocks  must  have  been  formed  and 
rendered  sclnstose  Ix^foro  Triassic  time.  The  last  intense  metamorphism  which  airected 
the  rocks  of  the  eastern  United  States  took  place  in  the  Carboniferous  period.  These  rocks 
must  tliercfore  be  Carboniferous  or  older. 

Sevcrul  fact^  point  to  pre-Canibrian  jus  the  probable  age  of  these  rocks.  The  seemingly 
entire  absence  of  fossils  is  such  an  indication.  So  far  as  known  to  the  writer,  proved  Pu](?- 
ozoic  rocks  in  the  Southern  Appalachians  are  by  no  means  so  much  metamorphosed  as  the 
schists  hero  described.  As  stated  by  Mr.  Lindgren,  also  (p.  120),  granite  is  nowhere  known 
in  the  Soutli  intrusive  into  rocks  proved  to  Ije  Cambrian  or  younger.  Yet  the  metamorphic 
rocks  here  described  are  cut  by  granite  wliich  in  many  places  is  little  or  not  at  all  foliated. 
In  the  ('ranl)orry  (luadrangle,  about  80  miles  to  the  northwest,  folded  sediments,  somewhat 
metamorphosed  in  places,  and,  assigned  by  Keith  to  the  Cambrian,  unconformably  overlie 
gneis.si\s,  schist,  and  intrusive  granite  which  appear  to  correspond  in  a  general  way  to  the 
rocks  of  the  area  here  concerned.  Keith  shows  that  the  underh'ing  rocks  were  much  meta- 
morpliosed  previous  to  the  deposition  of  the  GftHiliiuajj../"  It  .seems  probable  that  the  rocks 
of  this  central  Carolina  region  lielong  to  the  same  pre-Cambrian  complex  as  those  in  the 
Cranlx^rry  district.  In  support  of  this  view,  the  porphyritic  rocks  here  de^ribed  certainly 
cut  some  of  tlie  schists,  and  corresponding  tuiTs  are  interbedded  with  the  schists.  As  has 
been  stated  on  page  23,  Keith  considers  the  porphyries  of  this  region  similar  to  the  volcanic 


n  Liobcr,  O.  M.,  Survey  of  South  Carolina,  vol.  3,  p.  149. 

t>  Kerr,  W.  C,  CJoologv  of  North  Carolina,  1S7.'>,  p.  133. 

c  H(M.'kor.  Ci.  F.,  Gold  fields  of  the  Southern  AppHlachians:  Sixteenth  Ann.  Rcpt.  U.  S.  Geol.  Survey, 
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d  Nit7r.  11.  n.  C,  Bull.  North  Carolina  C.eol.  Survey  No.  3.  1890,  p.  44. 

f  Cf.  Lieber,  op.  oit.,  vol.  2,  pp.  87-H.8:  vol.  3,  p.  149:  Kmmons,  K..  Geol.  Rept.  Midland  Counties  of 
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rocks  in  the  Cranberry  quadrangle  which  he  considers  pre-Cambrian.    These  porphyritic 
rocks  have  likewise  lx»en  regarded  as  pre-Cambrian  by  others.a 

From  all  the  facts  available  it  seems  most  reasonable  to  regard  these  rocks,  and  the 
metamorphism  which  affected  them,  as  probably  of  pre-Cambrian  age.  While  a  more  con- 
clusive statement  can  not  now  be  made,  the  writer  believes  that  later  detailed  study  will 
confirm  this  view. 

IGNEOUS   ROCKS. 

The  igneous  rocks  which  are  now  represented  by  granitic  gneiss  and  amphibolite  first  cut 
the  sediments  and  then  were  metamorphosed  with  them.  The  massive  granite,  some  of  the 
pegmatite,  and  the  diabase  are  later  than  the  metamorphism  which  formed  the  schLsts  and 
are  of  courst^  older  than  the  planation  of  the  region,  which  probably  took  place  in  Tertiary 
time.  As  has  been  stated,  Paleozoic  granite  is  not  known  in  the  South,  and  the  granites  and 
pegmatite  are  therefore  probably  pre-Cambrian.  It  has  be^n  shown  on  page  20  that 
the  granite  intrusion  probably  marked  the  end  of  the  metamorphism;  and  this  furnishes 
another  evidence  in  favor  ot  the  belief  that  the  great  movements  resulting  in  metamorphism 
took  place  in  prtv-Cambrian  time.  The  porphyries  and  volcanic  tufTs  are  likewise  considered 
to  be  of  pre-C^ambrian  age,  appearing  probably  near  the  close  of  the  metamorphism. 

The  diabase  dikes  are  certainly  the  youngest  of  the  igneous  rocks,  and  have  certainly 
escaped  regional  metamorphism,  but  mon»  definite  evidence  as  to  their  age  was  not  obtained 
in  this  area.  The  writer  is  informed  by  the  State  geologist  of  South  Carolina,  Hon.  Earle 
Sloan,  that  the  diabase  cuts  Juratrias  sediments  and  is  probably  of  that  age. 

SEDIMENTARY    ROCKS. 

The  comparatively  small  amount  of  induration,  alteration,  and  contortion  of  the  sedi- 
ments oi'curring  in  the  vicinity  of  Monroe,  N.  C,  has  already  been  described.  It  is  difficult 
to  believe  that  these  soft  rocks  could  have  Ix^en  present  when  metamorphism  of  the  schists 
took  place.  On  the  other  hand,  they  are  older  than  the  Triassic  deposits  of  the  " Newark" 
system.  Fossils  have  not  yet  been  found  in  the  "Monroe"  beds  and  their  age  remains  a 
matter  of  uncertainty.  The  sands  of  the  Coastal  Plain  formation  which  are  included  in  this 
area  are  regarded  by  Doctor  Sloan  as  probably  belonging  to  the  Columbia  group  of  the 
Quaternary. 

ECONOMIC  GEOLOGY. 

In  the  number  of  \ts  mineral  species  North  C'arolina  is  said  to  excel  any  other  State  in  the 
Union,  and  a  great  variety  of  minerals  has  been  found  in  South  Carolina.  These  minerals 
\m^^^^  long  l)een  prominent  among  the  resources  of  the  Carolinas,  and  the  particular  area 
descrilwd  in  this  report  has  l)een  one  of  the  important  localities  in  this  respect. 

Mining  in  this  general  region  dates  back  before  the  time  of  the  settling  of  America,  and 
early  Spanish  and  English  accounts  of  the  discovery  and  recovery  of  metals  are  numerous.6 
The  principal  mineral  resource  of  this  Carolina  area  is  gold.  Iron  has  been  mined  to  a  con- 
siderable extent,  and  within  recent  years  the  monazite  industry  has  attained  .some  impoi^ 
tance.  Tin  is  now  creating  considerable  excitement.  Besides  these  materials,  copper,  lead, 
manganese,  pyrite,  nnca,  burite,  corundum,  clay,  limestone,  and  granite  are  or  have  been 
found  and  worked  to  a  greater  or  le^  extent. 

TIN. 

The  use  of  tin  is  steadily  increasing  and  the  demand  for  it  is  constantly  growing.  While 
new  localitie.s  are  being  discovered  from  time  to  time,  and  while  certain  of  the  districts 
already  known  are  increasing  their  output,  some  of  the  important  tin-producing  regions  of 
the  world  are  on  the  decline  and  others  do  not  give  promise  of  long  maintaining  their  present 


«  Williams,  G.  H..  Jour.  Geol.,  vol.  2,  1894,  pp.  28  et.  seq.    Becker,  G.  F.,  Gold  fields  of  the  Southern 
Appalachians:  Sixteenth  Ann.  Kept.  U.  S.  Cfeol.  Survey,  pt.  3,  1895,  p.  260. 
bct.  B(Y;ker,  G.  F.,  Gold  fields  cf  the  Southern  Appalachians:  Sixteenth  Ann.  Rept.  U.  S.  Geol. 
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production.  The  reserve  stocks  held  in  various  parts  of  the  world  are  accordixiglj  being 
greatly  depleted  and  the  price  of  tin  is  gradually  rising. 

For  these  reasons  the  discovery  of  a  new  tin  locality  is  of  much  interest  to  mining  men, 
and  to  many  who  are  more  or  less  directly  connected  with  the  metal  industry,  as  well  as  to 
investors.  The  fact  that  the  United  States  consumes  over  40  per  cent  of  the  world's  output 
while  contributing  an  inappreciable  amount  makes  of  especial  interest  any  information 
regarding  a  tin  locality  within  the  borders  of  this  country  which  gives  the  least  promise  of 
becoming  economically  important.  Previous  waves  of  excitement  have  arisen  on  several 
occasions,  ohly  to  wane  and  finally  die  out  because  of  the  failure  to  demonstrate  the  presence 
of  valuable  tin  deposits.  South  Dakota,  Missouri,  California,  Viiginia,  and  Alabama  afford 
notable  instances  of  this  and  the  Carolina  tin  belt  itself  has  once  risen  to  prominence  and 
then  almost  passed  from  memory.  Within  the  past  couple  of  years  interest  has  been 
revived  in  this  region  and  it  is  now  attracting  a  good  share  of  attention  from  the  outside, 
while  within  the  tin-bearing  territory  considerable  excitement  prevails. 

It  was  mainly  with  the  idea  of  studying  these  tin  deposits  and  satisfying  a  demand  for 
information  concerning  them  that  the  reconnaissance  of  this  region  was  undertaken.  For 
this  reason  chiefly  the  description  of  the  tin  deposits  is  placed  before  that  of  the  intrinsically 
more  important  product  of  the  area,  gold. 

HI8T0RT  OF  TIK  MXIONG  IN  TSE  OASOLIirAS. 

Tin  was  first  mentioned  in  this  region  in  1875  by  Kerr,o  who  stated  that  it  occurred  in 
a  micac-eous  slate  in  Gaston  County,  associated  with  garnet  and  columnar  topaz  (pycnite). 

The  first  authentic  discovery  of  the  metal  was  made  some  years  later  at  the  village  of 
Kings  Mountain,  Gaston  County,  N.  C.  Mr.  Robert  T.  ClaywcU,  of  Moiiganton,  N.  C,  who 
is  by  all  accredited  with  the  first  collection  of  specimens  from  this  locality,  communicated 
with  the  writer  on  this  subject  and  the  substance  of  his  statements  is  here  repeated. 
While  a  student  at  the  Kings  Mountain  high  school  in  1881,  Mr.  Claywcll  found  in  a  street 
of  the  town  a  number  of  pieces  of  a  dark-colored  mineral  of  noticeable  specific  gravity. 
Altliough  he  was  an  aniatc»ur  student  of  inineralogy  at  that  time,  he  was  unable  to  identify 
this  mineral.  It  appears  that  this  mineral  was  added  to  a  collection  which  he  was  making 
and  remained  unidontifiod  for  some  time.  In  1883,  at  the  request  of  Co).  S.  McD.  Tate, 
who  was  making  a  collection  of  North  Carolina  minerals  for  the  American  Exposition  at 
Baston,  this  mineral  collection,  including  the  cassiterite,  was  sent  to  Boston.  It  is  said 
by  Mr.  Claywell  that  this  specimen  before  being  sent  was  marked  by  Colonel  Tate  **Tin(  I).  " 

So  far  as  is  known,  the  first  published  statement,  aside  from  the  one  by  Kerr,  noted  before, 
regarding  tin  in  North  Carolina,  is  said  to  have  appeared  in  the  Commercial  Bulletin  of 
Boston,  October  13, 1883.  In  the  list  of  minerals  from  North  Carolina  given  in  that  issue 
occurred  the  following  paragraph : 

''Cassiterite,  pure  tin  oxide.  Found  massive  and  semicrystallized  in  the  western  part  of 
North  Carolina.     Sp.  grav.,  ().8:  hardness,  7;  70  per  cent  tin. ''6 

Mr.  Hidden  elainis  the  credit  of  the  identification  of  this  mineral,  and  .stat^^s  that  he 
labeled  it:c  the  foregt)ing  paragraph  was  obviously  a  copy  of  th(»  label. 

In  an  arti(!le  dated  February  14,  1884,  Dr.  C.  W.  Dabney,  }r.,d  stated  that  a  specimen  col- 
lected by  Mr.  Claywell  was  sent  to  him  by  Colonel  Tate  marked  "No.  — ,  tin?,"  but  he  docs 
not  tell  when  it  was  sent.  He  says,  however,  that  he  received  other  specimens  in  July, 
1883,  which  also  doubtless  came  indirectly  from  Mr.  Claywell,  and  he  visited  Kings  Mountain 
and  instituted  some  explorations  for  the  mineral.  This  is  evidently  the  first  signed  article 
dealing  with  the  discovery  of  the  mineral.  In  a  rccc^nt  letter  Doctor  Dabney  .states  that 
so  far  as  he  knows  he  was  the  first  to  identify  Mr.  Clay  well's  mineral  as  cassiterite. 

«  Geology  of  North  Carolina,  1875,  p.  291. 
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The  writer  has  endeavored  to  ^ve  here  a  plain  statement  of  such  facts  as  are  available 
and  to  abstain  from  passing  judgment  on  the  question. 

The  news  of  the  discovery  of  tin  soon  spR>ad  in  Kings  Mountain  and  throughout  the  coun- 
try. Everyone  in  the  town,  men,  women,  and  children,  began  to  hunt  for  tin.  All  over 
the  eastern  part  of  the  town  they  found  crystals  of  cassiterite,  which  they  sold  as  curios  at 
5  or  10  cents  each.  Early  in  1885  a  development  company  was  formed  by  several  promi- 
nent men  of  Kings  Mountain  and  prospecting  was  begun.  They  read  that  tourmaline 
commonly  accompanies  tin,  so  they  directed  their  attention  to  masses  of  tourmaline  and 
black  hornblende,  which  they  encountered  near  the  place  where  the  float  tin  was  found. 
Several  pits  were  sunk  and  a  100-foot  tunnel  was  driven  south  of  the  town,  but  no  tin  was 
found  in  place.  The  company  disbanded  and  excitement  subsided;  but  cassiterite  crys- 
tals were  still  found  in  the  streets  of  Kings  Mountain. 

In  188(5  John  H.  Furman,  a  miner  from  Georgia,  came  to  Kings  Mountain  to  prospect  for 
gold.  He  found  bands  of  rock  which  he  called  "grcisen,"  containing  a  black  mineral  sup- 
posed to  be  cassiterite.  He  took  specimens  of  the  material  to  Dr.  A.  R.  Ledoux,  of  New 
York,  who  verified  this  supposition.  Returning  later  under  the  direction  of  Ledoux,  and 
with  the  assurance  that  the  tin-bearing  rock  had  at  last  been  located,  Furman  began  quietly 
to  bond  all  the  land  which  he  considered  promising.  Prospecting  was  renewed  on  a  broader 
scale;  pits,  trenches,  shafts,  and  tunnels  were  started,  and  a  considerable  amount  of  ore 
was  taken  out  for  testing.  At  first  small  lots  were  sent  to  Ledoux's  laboratories  in  New 
York,  but  it  was  found  that  samples  of  this  kind  were  unreliable.  Ledoux  and  Dr.  James 
Douglass  then  came  to  the  tin  region,  presumably  in  the  interest  of  Phelps,  Dodge  &  Co., 
of  New  York  City.  A  stamp-mill  test  of  100  tons  and  returns  from  two  carload  lots  of 
hand-picked  ore  shipped  to  England  were  fairly  encouraging.  In  1890  Furman  sailed  for 
England  with  specimens  of  ore  and  options  on  a  large  acreage  in  the  hopo  of  interesting 
capital  there.  The  result  of  this  mission  is  not  known,  but  it  was  probably  unsuccessful. 
An  effort  was  next  made  by  the  Ledoux  party  to  ascertain  the  extent  of  the  ore  bodies. 
The  shafts  were  deepened  and  considerable  diamond  drilling  was  done.  By  these  operations 
it  was  learned  that  the  tin-bearing  rocks  were  very  irregular  in  extent  and  in  their  content 
of  cassitirrite,  but  the  results  were  considered  to  justify  the  erection  of  a  plant  for  treating 
the  ore  on  the  spot.  A  10-stamp  mill  was  erected  about  a  mile  and  a  half  south  of  Kings 
Mountain  station.  After  crushing,  the  ore  passed  through  slatted  sluices  over  burlap. 
Several  tons  of  ore  were  tested  at  this  plant,  but  the  results  were  not  gratifying,  and  work 
was  stopped  in  the  early  nineties.  It  is  said  that  clogging  of  the  stamp  mortars  by  the 
abundant  mica  of  the  tin-bearing  rock  and  excessive  lass  of  fine  tin  had  more  to  do  with  the 
cessation  of  operations  than  a  conclusive  demonstration  that  the  deposits  were  too  small 
or  of  too  low  a  grade  to  be  profitable. 

The  work  of  this  company  had  been  din^cted  mainly  to  the  territory  just  south  of  the 
town  of  Kings  Mountain.  In  the  meantime  other  parties  had  been  prospecting  north  of 
the  town.  Pits  and  shafts  had  been  sunk  and  some  machinery  installed,  but  little  or  no 
succ^'ss  atttmded  these  efforts.  By  1892  interest  had  abated,  and  very  little  work  was  being 
done. 

About  1894  another  company  was  formed,  called  the  Kings  Mountain  Mineral  and  Devel- 
opment Company  (incorporated) .  The  sum  of  $5,000  was  raised  by  .subscription  and  work 
was  begun  on  Chestnut  Ridgi^  a  short  distance  northeast  of  the  village  of  Kings  Moun- 
tain. It  was  the  intention  to  sink  a  shaft  150  feet  deep  and  thus  reach  below  the  zone  of  decom- 
position. At  a  depth  of  40  feet  a  crosscut  from  this  shaft  showed  a  decomposed  "  vein,'' 
holding  considerable  cassiterite,  but  it  received  no  attention,  since  fresh  rock  only  was 
b(*ing  sought.  Water  was  encountered  in  considerable  amount,  and  the  cost  of  pumping 
rapidly  depleted  the  available  funds,  so  that  at  a  depth  of  130  feet  the  capital  was  exhausted 
and  work  was  stopped. 

After  this  new  failure  an  interval  of  several  years  witnessed  only  casual  prospecting  by 
M.  M.  Carpenter  and  A.  R.  Rudisill,  of  Kings  Mountain,  who  had  been  connected  with  the 
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enterprise  almost  since  its  beginning  and  who  had  purchased  or  leased  considerable  land 
along  the  tin  Mi. 

Interest  was  revived  early  in  1902,  when  Capt.  S.  S.  Ross,  of  Gaffney,  S.  C,  found  cassit- 
erite  float  on  his  farm  1}  miles  northeast  of  Gaffney,  considerably  farther  southwest  than 
tin  had  been  known  liefore.  The  tin-bearing  fonnation  was  located  and  found  to  contain 
a  promising  amount  of  the  metal.  The  actual  shipment  of  a  carload  of  concentrates  to 
England  in  1903  brought  the  Ross  mine  into  prominence  and  served  to  stimulate  prospect- 
ing in  other  partes  of  the  region.  Carjx?nter  and  Rudisill  again  took  up  prospecting  and 
soon  sold  what  is  now  the  Jones  mine,  near  Bessemer  City,  to  the  Carolinas  Tin  and  Develop- 
ment Company,  of  Gaffney,  S.  C.  Early  in  1904  this  property  was  again  sold  to  the  present 
owners,  the  Carolina  Tin  Company,  of  Charlottesville,  Va.  In  June,  1904,  prospecting 
was  undertaken  by  agents  of  the  American  Sheet  and  Tin  Plato  Company,  who  obtained 
options  on  about  5,000  acres  for  a  sum  reported  to  have  been  very  large.  Their  att<;ntion 
wa.s  directed  chiefly  to  Chestnut  Ridge,  northeast  of  Kings  Mountain,  and  the  Faires  mine, 
ju.st  southwest  of  the  village;  but  their  o|x>rations  appear  not  to  have  been  suflSciently 
thorough  or  extensive  to  prove  very  much,  and  aft<^r  several  we^ks  they  forfeited  their 
options.  During  the  late  summer  of  1904  the  Jones,  Ross,  and  Faires  mines  were  being 
worked  and  active  praspecting  was  going  on  in  the  northern  part  of  Gaston  County  and  in 
Lmcoln  County.     In  the  fall  the  Faires  mine  was  clased. 

At  the  prc^sent  time  the  Ross  mine  is  in  operation  and  Messrs.  Carpenter  and  Rudisill 
are  engaged  in  proving  up  their  properties  in  the  northern  part  of  the  area. 

The  history  thus  shows  that  tin  mining  in  the  Carolinas  has  been  marked  by  a  succession 
of  failures  ever  since  the  discovery  of  cassit<»rit<5  in  1881.  It  is  hoped,  however,  that  some 
of  the  operations  at  present  under  way  will  open  a  new  page  in  this  history  upon  which 
success  shall  be  written. 

GEOLOGY  OF  T&E  TIN  BELT. 


The  Carolina  tin  Ix^lt,  as  at  pix^st»nt  explored,  extends  from  near  Gaffney,  Cherokee 
County,  S.  C,  across  parts  of  (^leveland  and  (laslon  counties,  X,  C,  to  a  point  about  4  niilea 
east  of  Lincolnloii,  Lincoln  County,  N.  ('.,  a  distance  of  about  3')  miles.  In  a  general  way 
it  follows  the  Kings  Mountain  Range  throughout  that  distance. 

TIN-BEARlNd    RCCKS. 

From  the  discovery  of  tin-l>earing  rocks  by  Funiian  in  1SS6  until  the  present  day  cassit- 
erite  has  been  found  in  situ  in  tliis  region  only  in  dikes  of  pegmatite.  The  ''greisc^n''  of 
Furmana  and  Pratt, '>  the  "feldspathic  shale''  of  Sloan, ^  and  the  clay  or  kaolin  in  which 
the  cassiterite  occurs  at  the  Ross  mine  are  all  in  n»ality  ];M'gniatite.  It  Is  probable,  also, 
that  the  te>nn  "  feklspathic  beds"  of  the  writers  l)i»fore  the  existence  of  tin  was  known  was 
applied  to  these  jK'gmatite  dikes. 

DTSTRIIiUTION. 

The  position  of  the  tin  Ix'lt  and  the  distribution  and  structure  of  the  tin-bearing  rocks 
are  intimately  connected  with  and  de}X'ndent  on  the  general  geolog}'  of  the  area.  In  a 
preceding  section  (pp.  2(>-2<S)  it  has  Ix'en  shown  that  the  country  along  the  Kings  Mountain 
Range  is  a  belt  of  ancient  nietaniorphic  ro<'ks  folded  into  an  anticline,  invaded  later,  by 
igneous  ro<'ks  such  as  granite,  pegnmtite,  and  diubase,  and  then  greatly  eroded.  It  has 
also  been  shown  that  the  pronounced  structure  of  the  metamorpliic  rocks  exerted  a  marked 
influene«>  on  the  distribution  and  structure  of  th(»se  later  intrusives.  The  result  of  this 
influence  has  Im'CU  that  the  invading  rocks  occur  as  sheet  or  dike-like  bodies,  whose  upturned 


"  Trans.  N.  Y.  Acad.  Sci.,  vol.  s.  ISss-S*),  p.  i:^7. 

''  .MiiuTal  Krsoiircos  I'.  8.  for  \<MU  U.  S.  Gcol.  Surv.\v,  1<K»4  p.  340,  or  p.  10  of  the  extract  entitled  "  The 
Production  of  Tin." 
c  The  State,  Columbia.  S.  C.  August  22,  11)04.  p.  2. 
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odpvs  furnisli  elongated  outcrops,  generally,  though  not  everywherts  c^mforming  in  dip  and 
strike  with  the  surrounding  sc^hists. 

Fig.  3.  indicates  the  distribution  of  pegmatite,  the  tin-lxjaring  rock.  Pajksing  through 
the  northwestern  part  of  Gaffney,  S.  C,  the  tin  l>elt  strikes  al>out  N.  60°  K.  to  the  vicinity 
of  Kings  Mountain  station,  N.  C,  thence  turns  inoro  to  the  north  (about  N.  25°  K.),  and 
continues  across  Gaston  County  and  into  Lincoln  County,  about  A  miles  east  of  Lincolnton, 
N.  C.  It  thus  com^sponds  closely  with  the  axis  of  the  Blacksburg  fold;  but  the  corre- 
spondence is  not  exact,  for  at  GafTney  the  pegmatite  dikrs  occur  on  the  southeast  side  of 
the  axis  and  hence  dip  to  the  southeast,  while  from  Blacksburg  northward  they  occur 
where  the  rcK'ks  dip  to  the  northwest,  indicating  that  the  l)elt  crosses  the  axis  of  the  fold 
at  some  interv'cning  point.     The  relation  of  pegmatite  to  the  structure  of  the  metamorphic 


Pe^rnatite  Tin 

Fig.  3.— Sketch  map  showing  distribution  of  pegmatite  and  tin  in  the  Carolina  bolt. 


rocks  in  the  northern  part  of  the  area  is  not  so  readily  discerned.  TTie  pegmatite  belt  Is 
known  to  continue  to  the  southwest  beyond  GafTney  and  to  the  northeast  beyond  the  center 
of  Lincoln  County,  but  authenticated  di-scoveries  of  c^assitorite  have  not  been  made  outside 
of  the  limits  mentioned.  The  width  of  this  belt  varies  c^insiderably :  it  comprises  in  some 
places  a  few  narrow,  closely  spaced  dikes,  in  others  many  dikes  distributed  over  a  belt  as 
much  as  2  miles  wide.  This  maximum  width  is  reached  in  the  northern  part  of  Gaston 
County. 

STRUCTURE. 

The  masses  of  pegmatite  range  from  numerous  small  streaks  a  few  millimeters  wide 
injected  into  the  country  rock,  and  collectively  forming  what  may  be  considered  a  single 
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body,  to  bands  probably  30  or  more  foot  wide.     One  of  the  wider  bodies  occurs  about  a 
mile  southeast  of  Kings  Mountain  village. 

While  conveniently  designated  as  dikes,  these  masses  are  in  many  cases  much  more 
irregular  than  the  form  commonly  implied  by  that  name.  In  strike,  dip,  width,  and  extent 
individual  bodies  exhibit  great  variations.  Forking  or  branching  is  rather  common. 
Many  of  the  dikes  pinch  out  completely,  in  some  places  being  succeeded  by  other  lenses 
farther  along  in  the  same  plane  or  in  a  near-by,  parallel  plane,  while  in  others  no  continuation 
is  found.  These  variations  take  place  both  horizontally  and  vertically.  For  instance,  a 
dike  which  has  a  considerable  continuous  extent  on  the  surface  may  pinch  out  at  a  com- 
paratively small  depth,  perhaps  to  be  found  again  directly  below  or  at  one  side,  or  not  at 
all.  Conversely,  a  dike  which  is  short  horizontally  may  extend  downward  for  a  long  dis- 
tance without  interruption.  On  the  other  hand,  a  few  dikes  appear  to  be  fairly  regular 
and  persistent  so  far  as  explored,  but  some  of  these  will  probably  exhibit  irregularities  at 
greater  distance  or  depth. 

A  few  exceptions  to  the  general  rule  of  conformity  of  the  pegmatite  dikes  to  the  structure 
of  the  inclosing  schists  are  worthy  of  notice.  Exploration  baa  not  been  sufficient  to  admit 
of  very  extended  generalizations  concerning  most  of  the  features  of  th&so  tin  deposits,  and 
especially  is  this  true  in  regard  to  stnicture,  on  which  conclusions  ca,n  lx>  reached  in  no 
other  way  than  by  a  large  amount  of  development.  Such  observations  as  have  already 
been  made,  however,  point  to  the  conclusion  that  those  comparatively  few  dikes  which 
fail  to  correspond  in  strike  and  dip  with  the  surrounding  rocks,  but  instead  cut  across  the 
structun^  of  the  schists,  are  fairly  persistent  and  regular. 

An  explanation  of  the  irregularities  of  those  dikes  which  conform  with  the  foliation  of 
the  country  rock  might  be  found  in  the  supposition  that  faulting  or  sliearing  had  divided 
originally  continuous  bodies  into  a  number»of  irregular  masses  and  lenses.  But  the  field 
evidence  is  against  such  a  supposition.  Slight  faulting  since  the  introduction  of  the  pegmatite 
has  occurred  in  some  places,  and  some  of  the  pegmatite  shows  that  it  has  been  subjected 
to  very  moderate  crushing,  but  no  great  amount  of  movement  can  have  taken  place.  More- 
over, any  faulting  which  would  affect  those  dikes  which  parallel  the  schistosity  would  also 
afTort  the  cross  dikes;  but  the  cross  dikes  are  fairly  regular  and  can  not  have  suffered  much 
dishx'ation. 

One  is  therefore  forced  to  the  conclusion  that  these  pegmatite  masses  owe  their  present 
form  to  the  nature  of  the  original  cavities  which  they  filled,  or  aWeast  to  that  of  the  planes 
along  which  they  forced  their  way  and  ascended.  It  will  thus  be  necessary  to  consider  the 
character  and  origin  of  these  planes  in  arriving  at  an  explanation  of  the  forms  w^hich  the 
pegmatite  bodies  possess. 

We  have  here  a  region  of  rock  beds  of  heterogeneous  composition  so  folded  that  the  fonn 
of  any  single  bed  may  W  likened  to  that  of  a  j)iece  of  cornigated  iron.  This  folding  was 
produced  by  an  enormous  compressive  stress  acting  during  a  long  inter\'al  approximately 
at  right  angles  to  the  axes  of  the  corrugations  or  folds  which  were  produced.  The  fold, 
however,  is  only  the  end  product  of  a  complicated  process.  To  accomplisli  it  there  had  to 
be  movement  among  the  beds  and  portions  of  the  beds.  This  movement  was  a  shpping  or 
gliding,  generally  parallel  to  the  bedding  planes,  and  is  evidenced  to-day  by  the  schistosity 
or  foliation  of  the  rocks.  That  these  planes  along  which  cohesion  was  overcome  so  that 
movement  could  take  place  are  planes  of  weakness  is  proved  by  the  cleavability  of  the  rock 
along  planes  parallel  to  the  schistosity.  But,  as  may  be  seen  from  an  examination  of  a 
specimen  of  these  schists,  the  planes  of  weakness  are  not  unifonn;  some  are  more  prominent 
than  others,  and  even  the  most  piominent  ones  are  irregular  and  not  continuous,  but  instead 
give  way  to  others  which  then  themselves  beconie  prominent  as  such  planes  of  weakness. 

It  thus  appears  that  tlie  directions  or  the  loci  of  greatest  weakness — those  places  which 
would  determine  the  position  and  the  form  of  intrusion — are  not  simple  planes,  but  are 
instead  comprised  of  series  of  parallel  planes  of  irregular  extent,  arranged  more  or  less  step- 
wise, ifi  some  places  branching,  in  others  overlapping,  and  in  still  others  ahnost  separated  by 
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the  inten'ention  of  localities  where  the  rock  is  stronger;  i.  e.,  of  greater  cohesion  between 
the  two  walls  of  tli^  plane  of  movement. 

Material  forced  by  hydrostatic  pressure  from  a  reservoir  below  would  follow  those  direc- 
tions of  weakne^,  force  the  walls  apart,  and  ocx^upy  the  space  which  it  thus  created  for 
itself.  Where  cohesion  had  been  entirely  overcome  by  the  original  movement,  the  expansive 
forcxj  would  be  most  effective,  the  intnisive  material  would  have  tht)  greatest  thickness,  and 
the  dike  formed  on  soHdification  would  have  the  greatest  width.     (See  fig.  6,  p.  50.) 

The  explanation  of  the  irregular  form  of  the  pegmatite  masses  which  conform  to  the 
schistosity  of  the  inclosing  rocks  lies,  therefore,  in  the  fact  that  the  planes  along  which 
intrusion  or  injection  took  place  were  themselves  of  irregular  extent  and  their  walls  offered 
varying  resistance  to  being  forced  apart  by  the  invading  material. 

The  explanation  of  the  form  of  those  dikes  which  cross  the  structure  of  the  surrounding 
rocks  is  somewhat  different,  just  as  their  form  is  different.  After  the  rocks  of  this  region 
had  been  folded  to  their  present  structure  and  the  forces  which  caused  this  folding  had 
nearly  or  quite  subsided  new  forces  more  or  less  transverse  to  the  first  became  active. 
These  new  forces  tended  to  produce  folds  transverse  to  those  already  existing.  But  the 
resistance  of  this  folded  belt  to  contortion  across  the  strike  was  too  great  to  be  overcome, 
just  as  corrugated  iron  is  rigid  to  deformation  at  right  angles  to  the  corrugations.  Since 
the  stress  induced  by  these  later  forces  could  not  be  relieved  by  folding,  fracture  at  right 
angles  to  the  direction  of  force  took  place.  This  fracturing  was  sufficient  to  relieve  the 
stress  and  little  faulting  or  other  movement  followed. 

Tjater,  when  the  material  of  the  pegmatite  dikes  began  to  exert  pressure  on  the  walls  of 
its  reservoir,  it  found,  besides  those  irregulai"  places  of  weakness  parallel  to  the  foliation  of 
the  rocks  already  described,  definite,  sharp  fractures  or  cracks,  offering  a  fairly  uniform 
resistance  to  the  passage  of  a  fluid  and  henc«  capable  of  being  expanded  and  filled  fairly 
evenly  throughout  their  extent.  These  cross  dikes  are  in  consequence  regular  and  persist- 
ent. In  some  instances  relatively  small  branches  or  offshoots  from  the  main  cross  dike  are 
injected  into  the  wall  rock  parallel  to  its  schistosity.  This  adds  to  the  evidence  that 
although  the  cross  dikes  occupy  fissures  of  later  fonuation  than  those  filled  by  the  inter- 
foliated  dikes,  the  two  classes  of  dikes  are  contemporaneous.  (Compare  fig.  5,  p.  47,  and 
fig.  6,  p.  50.) 

From  the^  considerations  the  conclusion  may  be  deduced  that  in  the  exploitation  of  a 
dike  which  crosses  the  foliation  of  the  inclosing  rock  the  prospector,  while  proceeding  by 
those  cautious  methods  which  should  always  attend  the  early  development  of  a  mining 
rc^on,  may  rcastmably  expect  to  find  the  dike  continuous  and  possessing  a  fair  degree  of 
regularity.  In  the  case  of  the  dike  parallel  to  the  structure  of  the  country  rock,  however, 
he  iinist  be  prepared  to  meet  great  and  sudden  variations  in  it»form  and  position;  but  if 
he  explores  l)eyond  the  limits  of  one  lens  he  may  often  be  rewarded  by  the  discovery  of 
another. 

So  far  as  known  at  present,  faulting  has  not  been  sufficient  to  affect  in  any  important 
degiee  the  position  or  extent  of  these  dikes. 

DESCRIPTION  AND  MINERALOGY. 

The  tin-bearing  rocks  embrace  two  of  the  varieties  of  pegmatite  described  on  pages  20-22. 
As  was  there  stated,  these  two  varieties,  the  third  and  fourth,  may  be  simply  different 
facies  of  the  same  rock.  At  any  rate,  it  is  highly  probable  that  they  do  not  differ  greatly 
in  composition.  The  general  petrographic  descriptions  of  these  rocks  have  already  been 
given.  It  will  here  be  appropriate  to  consider  them  more  in  detail  and  in  the  light  of 
ore-bearing  formations. 

The  third  or  microcline  variety  of  pegmatite  was  at  first  thought  not  to  contain  cassiter- 
ite,o  but  recent  developments  at  the  Ross  mine  below  the  zone  of  extreme  decomposition 
have  shown  that  this  rock  is  the  one  which  carries  the  cassiterite.    In  several  places  in 


aBuU.  U.  S.  Geol.  Survey  No.  260, 1905,  p.  191. 
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that  mine  the  pegmatite  is  very  much  like  granite  in  appearance,  and  there  the  oassiterite 
is  in  small  gi-ains  and  less  abundant  than  where  the  rock  is  coarser.  Mica  is  not  an  abund- 
ant constituent,  but  is  present  locally,  probably  representing  a  transition  to  the  fourth 
variety,  which  is  in  general  characterized  by  much  muscovite  and  little  feldspar.  A  little 
hornblende  has  been  found.  On  weathering  this  microcline  pegmatite  becomes  very  soft 
and  clay-like,  owing  to  the  change  of  the  feldspar  into  kaolin. 

The  fourth  variety  of  pegmatite  is  much  more  interesting  mineralogically.  While  con- 
sisting generally  of  abundant  quartz  and  large  flakes  of  muscovite  mica,  with  a  small 
amount  of  orthoclase,  microcline,  and  albite  or  ohgoclase-albite,  some  of  it  varies  decidexily 
from  such  a  mineralogical  composition.  In  places  it  contains  little  mica  and  much  feldspar. 
The  muscovite  has  been  called  a  fluoric  mica,o  but  an  analysis  by  Mr.  W.  T.  Schaller  of 
t3rpical  muscovite  from  the  Jones  mine  gave  only  0.15  per  cent  fluorine,  which  is  rather 
below  the  average  amount  for  muscx>vite.  It  is  generally  colorless,  but  yellowish  or  light- 
green  colors  are  not  unusual.  Some  of  the  flakes  are  several  cx»ntimeters  across.  In  some 
of  the  dikes  which  contain  other  lithium  minerals  the  muscovite  is  bordered  by  an  extremely 
narrow  zone  of  lepidolite  or  lithia  mica.     In  no  other  case  has  lepidolite  been  found. 

Spodumene,  the  lithium-aluminum  silicate,  is  not  uncommonly  present,  and  in  some  dikes, 
particularly  those  rich  in  feldspar,  constitutes  a  considerable  proportion  of  the  rock.  It 
occurs  in  large  and  small  individuals  devoid  of  crystal  outline  but  having  well-developed 
cleavages  int(;rsecting  at  93°.  It  is  colorless  to  white  and  in  some  individuals  has  a  silky 
luster.  Under  the  microscope  the  mineral  is  perfectly  clear  and  colorless.  The  index  of 
refraction  is  rather  high.  Tlie  double  refraction  is  probably  not  over  0.020.  Extinction 
is  inclined  to  the  traces  of  cleavage  in  some  sections  and  the  maximum  extinction  angle 
observed  was  r  :  c=24°.  The  mineral  is  biaxial  and  positive.  Before  the  blowpipe  it 
fuses  and  gives  a  strong  flame  test  for  lithium. 

A  yellowish-brown  mineral  occurring  at  the  Faires  mine  contains  lithium,  manganese, 
phosphoric  acid,  and  probably  iron,  and  is  undoubtedly  lithiophilite.  Where  .it  has  been 
subjected  to  deconip<)«ition  near  the  surface — that  Is,  to  hydration  and  oxidation — it  is 
converted  into  ji  black  or  brownish-blark  material  of  pitchy  luster  and  conchoidal  fracture, 
which  contains  iron,  niangant»se,  phosphonc  acid,  and  water,  and  is  probably  a  definite 
mineral.  In  dose  association  with  the  lithiophilite,  occupying  lenses  and  veiulets  and  in 
one  Kpecinicn,  occurring  between  tlic  lithiophilite  and  its  black  oxidation  product,  is  a 
purple  niincnil  which  lui.s  been  found  to  Ih'  a  new  species  and  has  l)een  named  purpunte.b 
The  (M(Mirn«n<(M)f  this  niineriil  indicates  that  it  is  a  decomposition  product  of  lithiophilite, 
and  its  clieniical  composition  confirms  this  view.  It  is  a  hydrous  manganic  ferric  phos- 
phate of  the  formula  2  [(Mn'".  Fe'")  POJ  ILO,  and  is  the  only  known  case  of  a  manganic 
phosphate. 

The  mineral  is  probably  orthorhombic,  but  crystal  outline  hjis  in  no  case  l)een  ol>served. 
Two  cleavages,  presumably  at  right  angles  and  pinaeoidal,  are  of  unequal  perfection.  The 
cleavage  surfaces  are  in  many  grains  somewhat  curved,  as  if  adjacent  particles  of  the  mineral 
did  not  possess  exactly  the  sanie  orientation.  It  has  an  uneven  fractures  and  is  rather 
brittle.  Its  hardness  is  4  4./)  and  s[H»ci(ic  gravity  al>out  3.15.  In  color  the  mineral  is  a 
rich  deep  red  or  reddish  purple,  and  the  powder  and  stix»ak  have  a  decided  purple  or  deep- 
rose  color. 

Although  purpurite  is  transparent  in  exceedingly  thin  pieces,  giving  l)eautiful  red  colors, 
the  ordinary  thin  section  (»f  the  inin««ral  allows  the  passage  of  very  little  light.  Parallel  to 
the  cleavage  the  color  is  a  deep  scarlet,  inclining  to  rase-red,  while  across  the  cleavage  the 
absorption  is  gn^ater  and  the  color  U'conjes  a  rich  purple.  Extinction  is  generally  parallel: 
an  inclination  up  to  3'^  or  4°  which  has  been  observed  in  a  few  instances  has  probably  Invn 
due  to  the  orientation  of  the  sections  examined.  It  may  be,  however,  that  the  mineral  is 
monoclinic,  with  a  very  small  extinction  angle.     It  was  impossible  to  obtain  an  interference 

"  I'mtt.  J.  11..  and  Slcrrott,  1).  B..  liull.  North  Carolina  tJool.  Survey  No.  19.  1904.  p.  4S. 
frGraton,  L.  C,  and  Schallor,  W.  T.,  Am.  Jour.  Sci.,  4th  ser.,  vol.  20,  1905,  pp.  145-151. 
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figure  on  the  material  available.  If  the  mineral  is  biaxial,  as  is  probably  the  case,  the 
intersection  of  the  cleavages  is  parallel  to  a.  This  is  also  the  direction  of  least  absorption. 
The  refractive  index  is  probably  between  1.60  and  1.65.  TTie  double  rc»fraction  is  high, 
probably  in  the  neighborhood  of  0.060.  Analy.ses  by  W.  T.  Schaller  gave  the  following 
average  composition  for  purpurit^: 

Ar>erage  a/wi/ym*  of  purpurite. 

Fe,0, 15.  K9 

MnjO, 29. 25 

PjOi 47.30 

H  iO  at  100<» 3. 31 

H«0  above  lOO" 1. 95 

CaO 1.48 

NajO 84 

Li|0 Trace. 

Insoluble 52 

100.54 

It  is  probable  that  the  soda  and  lime  exist  as  impurities,  or  inclusions  of  foreign  material, 
in  the  mineral.     Tlie  lithia  is  doubtless  a  remnant  of  that  of  the  lithiophilite. 

Black  manganese  oxide,  probably  also  derived  from  the  decomposition  of  lithiophilite,  is 
present  in  many  places  jls  thin  botrj^oidal  coatings  on  the  other  minerals.  Some  apatite 
occurs  in  narrow  vein-like  masst»s  of  bluish  color  and  was  at  first  thought  to  be  fiuorite. 
In  isolated  crystals  of  small  sv/a}  it  has  a  bright-green  color. 

The  cassiterite,  the  constituent  of  these  rocks  which  is  important  from  the  economic 
standpoint,  may  better  Iw  descriW»d  under  the  head  of  the  ores  (pp.  41-42).  In  thin  section 
under  the  microscope  it  is  found  to  include,  besides  tiny  flakes  of  hematite,  numerous 
minute  dark  grains  which  re8eml)le  black  iron  ore.  Tlie  fact  that  a  carefully  panned  sample 
of  tin  concentrate  gave  Doctor  Ilillebrand  decided  reactions  for  iron  and  titanium  indi- 
cates that  this  material  is  ilmenite.  Wolframite  has  lx»en  reported  as  accompanying  the 
cassiterite,  but  careful  search  has  failed  to  reveal  its  presence.  It  ought  readily  to  be 
distinguished  in  the  pan  by  its  dark  color,  even  in  fine  powder,  its  good  cleavage,  and  ita 
specific  gravity,  which  is  greater  than  that  of  cassiterite.  It  seems  probal)le  that  the 
tungstic  oxide  reported  in  early  analyses o  of  Carolina  cassiterite  may  have  U'en  confused 
with  the  rarer  elements  columbiuin  or  tantalum,  which  have  l)een  found  recently,  although 
it  may  Ix^  that  tungsten  docs  in  some  cases  exist  as  wolframite,  but  included  within  the 
grains  of  cassiterite,  as  is  the  ilmenite. 

Chalcopyrite  b  and  arsenopyrite,  ^  or  mispickel,  have  also  been  reported  from  the  pegma- 
tites, but  it  is  doubtful  if  they  occur  as  original  constituents  of  these  rocks. 

CONTACT  IIRTAMORPHISM. 

A  general  idea  of  the  changes  induced  in  the  surroimding  rocks  by  the  intrusion  of  peg- 
matite has  already  Ix^en  given.  A  study  of  this  metamorphism  is,  of  course,  futile  in  the 
zone  of  surficial  decomposition.  Unfortunately,  at  the  only  place  along  the  belt  where 
development  has  extended  into  the  unaltered  rock  (the  Jones  mine),  a  dike  of  granite  or 
aplit^>  is  in  close  connection  with  the  pegmatite.  Tlie  granite  is  probably  older  than  the 
pegmatite  and  the  changes  at  its  contact  have  certainly  lx>en  more  intense.  Its  effect  has 
therefore  partly  forestalled  and  partly  overshadowed  that  of  the  pegmatite.  The  develop- 
ment of  clear  brown  biotite  and  less  commonly  of  garnet  and  pyrite  in  the  amphibolite  can 
in  some  places,  however,  be  seen  to  result  from  the  action  of  the  pegmatite. 

Quartz  veins  closely  associated  with  dikes  of  both  granite  and  pegmatite  exhibit  very 
remarkable  metasomatic  alteration  in  the  adjoining  rocks.    These  veins  vary  in  width  from 


a  Cf.  Dabney,  C.  W  ,  jr.,  Jour.  Elisha  Mitchell  Sci.  8oc.,  188:^-84,  p.  81. 
ft  Furman,  J.  H.,  Trans.  New  York  Acad.  Sci.,  vol.  8,  1889,  p.  144. 
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the  merest  stringers  to  several  feet,  and  the  motamorphic  action  of  even  the  smallest  is 
intense.  The  quartz  of  the  veins  is  rather  finely  granular  and  under  the  microscope  the 
grains  are  found  to  interlock  in  the  manner  characteristic  of  the  granitic  texture  of  igneous 
rocks.  Small,  many-sided  prisms  of  deep-brown  tourmaline  occur  scattered  and  in  bunches 
through  the  quartz.  In  thin  section  the  zonal  structure  of  these  crystals  is  readily  seen. 
The  interior  is  usually  pleochroic  in  blue  and  violet  colors,  while  the  exterior  is  brown. 
Flattened  individuals  of  ilmenite  are  in  some  places  abundant.  Sulphides,  of  which  pyrite 
is  most  common,  hut  including  also  pyrrhotit«  and  chalcopyrit^  and  perhaps  a  little  arseno- 
pyrite,  are  common  though  not  abundant  constituents  in  certain  of  the  veins.  In  many 
instances  the  various  sulphides  are  intergrown.  Careful  assays  have  shown  that  some  of 
these  veins  carry  gold.     Further  reference  to  this  subject  is  made  on  pages  69-70. 

The  metasomatic  pro<',esses  which  these  veins  have  induced  in  their  walls  resemble  as 
closely  those  of  igneous  masses  as  they  do  those  of  fissure  veins.  The  formation  in  the 
country  rock  of  garnet,  brown  biotite,  and  probably  some  magnetite  might  be  attributed 
to  contact  metamorphism,  while  the  impregnation  with  sulphides  and  quartz  is  more  closely 
related  to  vein  action.     Tourmaline  is  common  to  both. 

These  veins  are  later  than  either  the  aplitic  or  the  pegmatite  dikes,  and  induce  in  them 
changes  which  are  somewhat  similar  to  those  caused  in  amphibolite.  In  the  granite  or 
aplite  the  tourmaline  has  so  nicely  replaced  feldspar  a  that  it  might  easily  be  mistaken  for 
an  original  constituent  of  the  rock. 

The  texture  and  mineral  constituents  of  these  veins  and  their  effect  on  their  walls  indi- 
cate that  they  were  formed  at  great  depth,  and  their  intimate  association  with  the  granite 
and  pegmatite  shows  almost  beyond  question  that  they  are  genetically  related  to  those 
rocks.  * 

TIN    DEPOSITS. 

It  may  be  well  to  state  at  this  point  that  the  tin  deposits  of  the  Carolinas  can  in  no  way 
be  considered  veins.  They  are,  instead,  dikes  of  an  igneous  rock — pegmatite — which  have 
solidified  from  an  originally  molten  state.  Placer  deposits  of  comparatively  little  importance 
have  boon  derived  from  the  l)re^king  down  of  these  dikes. 


DISTRIUUTU)N   OF   CASSITERITE    IN   THE  DIKES. 

Tlie  tin-bearing  mineral  is  an  exceedingly  variable  constituent  of  the  pegmatite.     Probably 
in  the  majority  of  cases  where  pegmatite  has  been  found  no  ca.ssitertite  can  be  seen  in  it, 

and  while  it  is  possible  that  the  mineral  is  gen- 
erally disseminated  in  minute  grains  through- 
out the  rock,  such  is  probably  not  the  case. 
On  the  other  hand,  certain  l)odics  or  portions 
of  bodies  of  pegmatite  contain  a  very  large  pro- 
portion of  cassiterite.  and  some  masses  weigh- 
ing several  hundrexl  pounds  are  made  up 
almost  wholly  of  cassiterite.  There  are  all 
gradatioiLS  Ix'twecn  the.se  limit^s.  Whil'^  the 
distribution  of  the  tin  mineral  is  thus  very 
irregular,  there  is  in  most  cases  a  certain  s^'s- 
tem  in  this  irregularity.  The  tin  is  usually  con- 
centrated along  ecrtain  lines  or  zones,  which 
thus  constitute  ore  shoots.  These  ore  shoots 
also  are  irregular,  something  after  the  manner  of  the  dikes  themselves.  They  pinch  and 
swell,  branch,  die  out,  and  reappear  in  an  erratic  way.  Nevertheless,  the  determination 
of  the  presence  and  direction  of  an  ore  shoot  is  a  great  aid  to  development.     ''Pockets'' 


FiQ.  4.— Sketch  of  narrow  pogmatite.  dikn, 
.showing  dislribntion  of  casaiterito.  Natu- 
ral size. 
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of  tin  ore  are  usually  found  to  be  simply  lens-like  portions  of  an  ore  shoot  that  are  of  especial 
width  or  richness.  Development  has  not  yet  been  sufficiently  extensive  to  show  whether 
or  not  there  is  any  regularity  in  the  position  of  these  shoots  in  the  dikes.  They  have  as 
a  rule  a  much  elongated  form,  measuring  only  a  few  feet  along  the  dike  at  a  right  angle 
to  their  greatest  dimension.  Some  of  the  ore  bodies,  however,  have  a  considerable,  extent 
in  two  directions  and  a  few  of  them  persist  as  far  as  present  explorations  liavc  gone. 
In  general  they  pitch  steeply,  though  the  angle  of  pitch  may  vary  in  the  same  shoot.  In 
some  places  there  seems  to  be  a  tendency  for  the  shoot  to  occupy  the  full  width  of  the 
dike,  while  in  others  it  is  confined  to  one  side  or  the  other  or  to  the  middle  of  the  dike. 
Fig.  4  illustrates  concentration  near  the  middle  of  a  narrow  dike. 


The  principal  tin-bearing  mineral  in  nearly  all  the  tin-producing  regions  of  the  world  is 
cassitcritc,  the  dioxide  SnOj.  This  is  the  only  tin  mineral  Jknown  to  occur  in  the  Carolina 
region.  It  is  present  in  the  pegmatite  dikes  in  sizes  ranging  from  tiny  grains,  barely  vis- 
ible to  the  unaided  eye,  to  individuals  weighing  as  much  as  2  pounds.  The  mineral  is 
crystalline,  but  only  rarely  possesses  crystallographic  outline.  Where  crystal  faces  are 
developed  they  are  uniformly  those  of  the  low  unit  pyramid.  Twinning  is  rather  conunon, 
as  shown  both  by  the  form  of  the  crystals  and  by  the  behavior  of  sections  under  the  micro- 
scope. An  imperfect  cleavage  parallel  to  the  prism  face  is  often  observed.  Owing  both 
to  this  cleavage  and  to  some  peculiarity  of  crystal  development,  many  individuals  of  cas- 
siterite  are  flattened.  The  fracture  is  uneven.  Tlie  mineral  is  extremely  brittle  and  friable, 
particularly  where  occurring  near  the  surface,  and  on  this  account  seems  in  many  cases 
much  lower  in  the  scale  of  hardness  than  its  actual  value  of  6-7.  On  account  of  its  rela- 
tively high  specific  gravity,  6.8  to  7.1,  it  is  rather  easily  separat<>d  by  panning  or  other 
means  of  gravity  concentration  from  most  or  all  of  the  minerals  which  ordinarily  accom- 
pany it.  Tlie  color  of  the  Carolina  cassiterite  is  in  most  cases  very  dark,  ranging  from 
deep  brown  to  black.  Lighter  colored  or  even  colorless  varieties  have  been  reported,  but 
none  have  Ix^en  seen  b}'  the  writer.  The  brown  specimens  have  a  resinous  appearance; 
the  blacker  ones  .show  a  metallic  luster.  The  streak  and  tlic  powder  range  in  color,  deptmd- 
ing  on  the  intensity  of  color  of  the  specimen,  from  nearly  white  to  chocolate  brown,  and 
are  in  no  case  black.  Tliis  fact  serves  to  distinguish  cassiterite  from  many  minerals  of 
similar  appearance  which  occur  in  and  al)out  the  tin  region.  Owing  to  the  presence  of 
included  impurities  which  can  not  be  mechanically  separated,  the  Carolina  cassiterite  falls 
somewhat  below  the  theoretical  content  of  78.6  per  cent  metallic  tin.  Probably  74  to  75 
per  cent  would  be  an  average  for  the  carefully  selected  material. 

In  thin  section  the  cassiterite  generally  gives  evidence  of  imjMjrfect  crystal  form,  and 
in  some  specimens  the  effect  of  twinning  is  shown  in  the  outline.  Twinning  Is  parallel  to 
the  pyramidal  face  (1,  1,  1)  and  is  in  some  individuals  repeated  polysyntlietically.  Pris- 
matic cleavage  is  readily  discemable  in  some  instances,  and  indication  of  a  second  cleavage 
parallel  to  the  pyramid  has  been  seen.  The  mineral  is  usually  deeply  colored,  but  the 
distribution  of  the  color  is  uneven,  giving  a  flaky  or  patchy  appearance.  Tlie  color  is 
probably  due  to  the  solution,  in  the  cassiterite,  of  a  small  amount  of  an  iron  mineral,  jwssibly 
hematite,  since  the  deeper-colored  varities  carry  most  iron.  Dichroism  is  decided.  Tlie 
common  absorptions  are  «=deep  red  or  red-brown,  G3=light  yellowish  brown  to  nearly 
colorless.  Sometimes  £=  coffee  brown,  fiJ=  bluish  green.  The  refractive  index  and  the 
double  refraction  are  characteristically  high.  Some  minute  included  flakes  of  hematite 
and  grains  of  ilmenite  are  visible.  Partial  analyses  a  of  specimens  of  cassiterite  from  Kings 
Mountain  made  in  1883  indicated  the  presence  of  about  1  per  cent  of  tungstic  oxide.  A 
qualitative  analysis  of  concentrates  from  the  northern  part  of  the  tin  belt,  made  by  Dr. 
W.  F.  Hillebrand,  fails  to  show  the  presence  of  tungsten,  but  reveals  an  appreciable  amount 


o  Dabney,  C.  W.,  Jr.,  Jour.  Ellsha  Mitchell  Sci.  Soc.,  1883-84,  p.  81. 
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of  columbium,  witli  pcKwihly  some  tantalum.  It  is  probable  that  these  rare  rlementa  were 
confuspd  witli  tungsten  in  the  early  analysei^. 

The  material  whieh  is  mined  as  tin  ore  consists  of  the  pegmatite  nx»k,  with  its  content  of 
cassiterite.  Withhi  the  limits  of  the  ore  shoots  this  mineral  is  in  general  fairly  evenly 
distributed  through  the  rock.  PI.  Ill,  A,  reproduces  a  photograph  of  a  specimen  from  the 
Henry  Carpenter  property  near  Long  Shoals,  Lincoln  County,  and  gives  a  good  idea  of 
the  common  appearance  of  the  ore.  Tlie  black  spots  are  the  cassiterite.  This  parti<*ular 
specimen  is  rather  rich,  containing  probably  10  per  cent  of  cassiterite,  which  corresponds 
to  al)out  7  per  ci^nt  of  metallic  tin.  PI.  Ill,  B,  is  a  photomicrograph  of  this  ore.  In  a 
small  dike  in  the  Fain^  mine  near  the  village  of  Kings  Mountain  the  cassit^^rite  is  distributed 
as  shown  in  fig.  4.  The  dark  portion  is  cassiterite  and  the  larger  light  areas  are  muscovite, 
the  remainder  being  a  fmely  granular  mixture  of  quartz,  muscovite,  and  a  little  feldspar. 
In  the  quart z-muscovite  variety  of  pegmatite,  cassiterite  seems  to  be  more  common  in  the 
mica-rich  rocks  than  in  those  vhich  contain  more  feldspar.  Very  little  tin  has  been  found 
in  the  spodumene-bi^aring  dikes. 

Much  of  the  ore  from  dcptlis  to  which  superficial  alteration  has  barely  extended  is  coated 
along  cracks  and  seams  with  black  manganese  oxide,  probably  pyrolusite,  which  has 
doubtless  resulted  from  the  decromposition  of  lithiophilite.  This  manganese  mineral  is  in 
many  places  deposited  on  and  l)etween  the  foils  of  the  muscovite.  It  is  scattered  in  patches 
over  the  surface?  of  the  ore,  and  when  viewed  at  some  distance  is  ea^sily  mistaken  for  cas- 
siterite. The  (juartz-mica  pegmatite  is  stained  somewliat  brown  on  weathering  and  becomes 
more  friable.  The  microcline  pt'gmatite  readily  decomposes  into  a  white,  soft  kaol'n,  con- 
taining small  gritty  grains  of  ((uartz.  In  this  Koft  matrix  the  cassiterite  remains  prat^tically 
unchanged  and  can  easily  be  picked  out  with  the  fingers.  Some  crystals  thus  obtained 
have  a  roughened  surface,  as  if  they  had  l)een  slightly  etched.  Whether  this  is  actually 
the  explanation  or  not  is  unknown. 

GENESIS  OF  THE  DEPOSITS. 

From  the  stun(ij)()int  of  the  j^eolo^ist  tlie  point  which  is  jx»rhaps  of  greatest  interest  con- 
cerning the  ore  deposits  of  u  region  is  their  origin.  To  the  miner  as  well  t  his  subject  shou  hi  be 
of  intere,'*t,  since  it  is  of  great  importance.  An  understanding  of  the  manner  in  which 
the  ore  was  formed  and  reached  its  present  ]>osition  is  almost  certain  to  throw  light  on  its 
probable  riclmess  in  unexplonnl  places,  the  probability  of  its  continuing  with  depth,  and 
other  vital  questions  which  confront  the  mining  man  in  the  development  of  a  new  region. 

Throughout  the  world  th<»  most  coninion  occurrcn('<'  of  lode  tin,  that  is,  tin  orv  mined  from 
the  rock  in  place,  is  in  veins,  whi<h  usinilly<ut  granitic  rocks.  These  veins  generally  have  a 
gangue  of  quartz  and  are  characterized  by  the  pres<»iice  of  fluorine,  boron,  tungsten,  lithium, 
and  ars«»nic  minerals  a.sso<'iated  with  the  cassiterite.  Prominent  among  these  minerals  are 
topaz,  (luorite,  tonnnaline.  wolframite,  .scheelite,  lepidolitc,  zinnwaldite,  and  arsenopyrite. 
Thes<»  materials  are  regarded  as  representing  the  final  emanations  from  the  granitic  magmas. 
It  is  .sui)po.sed  that  these  comparatively  rare  eleiinMits  are  more  and  more  s<»gregated  and 
concentnited  as  the  solidification  of  the  granite  goes  on,  and  at  last,  when  fissures  form,  they 
are  carried  up  in  the  form  of  vaf)ors  and  solutions  at  high  temperature  and  are  deposited  with 
quartz  in  the  veins.  Although  thes«»  ar(»  usually  veins  of  filling,  (X'cupving  fissures  or 
crevices,  alteration  and  m<>tasomatic  re])laceinent  of  the  wall  rock  basin  nearly  all  cases  l>et»n 
considerable.  The  (juartz  of  the  granite  has  been  little  aireeted,  but  the  feldspar  and  mica 
have  b 'en  attack«Ml,  being  partially  converted  into  a  mica  which  is  usually  lithia  bearing, 
either  lepidolitc  or  zinnwaldite,  and  partially  replaced  by  one  or  more  of  the  foregoing 
minerals  and  by  ca.ssiterite.  Th<»  re-^ulting  nnk,  compo.s<'d  largely  of  quartz  and  mica,  is 
designated  greisen.  This  term  can  never  be  applied  to  any  but  an  altered  rock,  a  product  of 
this  particular  kind  of  vein  metamorphisni. 

In  contra *^t  with  this  usual  <K'curren(e  of  tin  in  veins  is  the  occurrence  of  cassit<>rit<»  as  a 
primary  or  original  niiiKM'al  of  igneous  nx'ks.  usually  pegmatite.  Tin  has  thus  been  found 
in  pegmatite  in  the  Vegetable  Creek  di.strict  of  New  South  Wales  and  in  the  Black  HiUa  of 
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South  Dakota.  Becau.so  of  the  unusualnoas  of  this  mode  of  occurrence,  tin  deposits  of  this 
type  have  not  bwn  so  thorouglily  studied  as  the  vein  deposits.  At  many  places  the  }»egma- 
tite  dikes  carry,  besides  the  tin  mineral,  compounds  of  lithium  and  of  phosphorus,  such  as 
spodumene,  lepidolite,  apatite,  triphylite,  and  autunit^).  In  these  cuses  the  cassiterite  has 
crystallized  along  with  or  a  little  earlier  than  most  of  the  other  constituents.  The  pegma- 
tite, being  a  product  of  solidification  of  molten  material,  is  sharply  defined  from  its  walls, 
and  in  no  casi»  d<x»s  the  cassiterite  replace  portions  of  the  country  rock.  On  the  other  hand, 
the  pegmatite  produces  at  its  contact  metamorphism  of  the  same  kind  as  that  produced  by 
granite.  Garnet  is  a  rather  common  product  in  the  wall  rock :  hx'ally  tourmaline  is  intro- 
duced and  a  chest  nut-brow^n  mica  is  developt»d  in  many  places. 

As  in  the  cast>  of  the  tin-bearing  veins,  these  pt»gniatite  dikes  likewise  are  regarded  as  one 
of  the  final  products  from  the  granite  magma,  being  succeeded  only  by  vein  formation.  Like 
the  veins,  the  dikes  repres<?nt  a  concentration  of  those  rare  elements  and  the  water  which 
has  been  gradually  excluded  by  the  crystallization  of  the  main  body  of  the  rock.  In 
many  respt^ts,  therefore,  the«»  two  modes  of  occurBpnce  are  closely  r<»lat<'d. 

Turning  now  to  a  consideration  of  the  Carolina  tin  deposits,  we  find  it  evident  at  once  that- 
they  b(*long  to  the  second  class,  with  ca.ssiterite  as  an  original  constituent  of  pegmatite.  In 
a  preceding  section  (p.  22)  it  has  been  shown  that  the  pegmatite  dikes  of  this  region  are 
almost  unquestionably  related  in  origin  to  the  granite  and  granitic  gneiss  which  occur  with 
some  interruption  all  along  the  tin  belt.  Below  the  zone  of  surface  dtH'omposition  these 
mas.ses  of  tin-bearing  rock  exist  in  the  same  condition  in  which  they  originally  solidified 
from  the  mtigma;  they  have  sulFeri'd  no  alteration;  they  are  not  greisen.  The  elFect  of  these 
dikes  on  the  surrounding  rock  is  characteristic  not  of  veins  but  of  igneous  intrusions.  Care- 
ful si^arch  for  cassiterite  in  the  wall  rock  has  been  made  both  by  crushing  and  panning  and 
by  micro-scopic  examination  of  thin  sections,  and  in  no  case  has  tin  been  found,  nor  has  it 
ever  luH'n  reported  as  oc<*urring  outside  of  the  dike  proper.  The  absence  of  tourmaline, 
topaz,  and  wolframite  and  the  extremely  small  amount  of  lithia  mica  in  the  tin-bearing  rock, 
while,  on  the  other  hand,  spodumene,  lithiophilite,  and  apatite  are  present,  go  far  in  support 
of  the  view  that  the  tin  is  of  igmH)Us  origin.  In  one  ca.se  a  crystal  of  cassiterite  was  found 
adjoining  a  large  crystal  of  orth(K'lasc  that  is  iH^rf(»ctly  unaltered  exc^'pt  for  a  .slight  amount 
t)f  weathering.  Such  an  occurrence  would  be  extremely  unlikely  if  the  cassit<»rite  had  been 
deposited  by  replacement  from  solutions. 

The  une(]ual  distribution  of  the  cassiterite  in  the  dikes  is  a  subject  ditticult  of  explanation. 
Some  combination  of  conditions  or  some  process  of  dilfereiitiation  as  yet  unknown  has  doubt- 
less cuus(^d  the  st^gregation  of  tin  in  the  ore  .shoots.  A  pr<K'e><s  of  probably  a  .similar  nature 
has  resulted  in  the  formation  of  relatively  large  masses  of  cjuartz  and  of  feldspar  in  the  dikes, 
such  as  are  seen  in  the  Faires  mine. 

The  complet^^  cy<'le,  beginning  with  granitic  intnision,  followed  by  pegmatite  intrusion, 
and  brought  to  a  clase  by  vein  formation,  has  bt»en  followc»d  out  in  the  Carolina  region.  The 
veins  are  clos<»ly  as.sociated  with  the  pegmatites  and  in  some  C4i.ses  with  dikes  of  granite  or 
aplite.  They  are  quartz  veins  carrj'ing  pyrite,  ilmenite,  and  in  many  places  abundant 
tourmaline.  Some  of  them,  at  least,  carry  gold.  (See  pp.  69-70.)  Their  walls  also  are  in 
many  phu'es  impregnated  with  tourmaline.  They  are  usually  parallel  with  and  a  .short  dis- 
tance away  from  the  p(>gmatitA'.  In  no  place  have  they  Ixn^n  found  actually  cutting  the  peg- 
matite, but  at  the  Ross  mine  some  of  the  pegmatite  contains  secondary  tourmaline  which 
was  probably  derived  from  cme  of  th^^se  veins. 

As  litis  been  previously  state<l  (p.  40)  these  veins  give  evidence  of  having  been  formed  at 
great  depth  and  high  temperature.  It  is  probable  that  if  the  pegmatite  had  not  been 
expelh^d  from  the  magma  re.S4.^r\''oir,  or  had  not  carried  all  the  tin  with  it,  these  veins  would 
have  received  the  tin  of  the  magma,  forming  tin  veins  like  those  of  most  other  tin  deposits. 

To  summarize  tht^  origin  of  these  tin  deposits,  pegmatite  dikes  genetically  related  to  bodies 
of  granite  contain  cassiterite  as  an  original  constituent  unevenly  distributed  throughout 
their  ma.ss.  The  ca.ssiterite  was  formed  at  practically  the  same  time  as  the  quartz,  mica, 
feldspar,  and  other  minerals  of  the  dikes  by  crystallizing  from  the  molten  pegmatite  magma. 
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In  former  descriptions  of  the  Carolina  tin  deposits  reference  has  often  heeik  made  to  the 
fact  that  the  strike  of  the  tin  belt,  if  prolonged,  would  just  about  pass  through  the  tin 
locality  of  Rockbridge  County,  Va.,  and  from  this  single  fact  some  have  gone  a»-far  as  to  state 
that  the  two  deposits  are  probably  related.  Largely  with  the  idea  of  testing  the  correctness 
of  this  view,  the  writer  visited  the  Virginia  locality.  Owing  to  lack  of  time  and  the  fact  that 
no  work  has  been  done  at  this  plac^  for  a  number  of  years,  a  thoroughly  satisfactory  idea  of 
the  deposits  at  the  Cash  mine  was  not  obtained.  But  this  much  may  be  said.  Cassiterito 
occurs  there  in  quartz  veins  cutting  a  coarse  granite.  The  veins  are  well  banded  and  con- 
tain, besides  cassiterite,  bands  of  pyrite  and  arsenopyritc.  The  granite  walls  are  converted 
into  greisen,  being  composed  of  quartz,  fine  scaly  muscovite,  and  a  small  amount  of  cas- 
siterite. 

From  the  standpoint  of  mode  of  occurrence  and  genesis,  therefore,  the  Virginia  and  Caro- 
lina deposits  have  almost  nothing  in  common.  Moreover,  the  geologic  instead  of  geometric 
continuation  of  the  Carolina  tin  belt  passes  far  to  the  east  of  the  Virginia  deposits. 

Aof  OP  THE  DEPOSITS. 

Since  the  granite  and  pegmatite  are  considered  to  bo  of  pre-Cambrian  age,  the  tin  deposits 
are  likewise  pre-Cambrian.  They  have  therefore  been  subjected  to  the  various  agencies  of 
disintegration  and  decomposition  through  an  enormous  length  of  time. 


Tlie  first  cassiterito  discovered  in  the  Carolina  region  occurred  as  loose  pieces  unattached 
to  any  rock  in  place,  and  during  the  first  five  ye^rs  that  the  existence  of  tin  was  known 
nothing  but  this  float  tin  was  found.  Since  the  discovery  of  cassiterito  in  the  rock  in  place 
nearly  all  prospecting  and  primary  development  work  has  been  guided  by  the  occurrence 
of  pieces  of  float.  In  a  few  places,  as  at  the  Ross  mine  and  the  Jones  mine,  the  amount  of 
C4issiterite  scattered  through  the  Hoil  has  been  sufficient  to  encourage  efforts  for  its  recovery, 
and  a  comparatively  small  return  has  been  obtained.  A  little  panning  has  been  done  in 
the  lx>ds  and  AckkI  plains  of  some  of  the  streams,  but  the  nsult.s  have  not  l>een  promising. 

^Vll  this  float  or  placer  tin  is  directly  traceable  to  the  original  depi>sits  in  dikes.  As  the 
rocks  are  decomposed  and  disintegrated,  the  c^assiterite  of  the  dikes,  being  very  resistant 
to  alteration,  is  freed  from  the  ro<'k  and  on  removal  of  the  other  materials  is  left  Ix'bind 
becaust^  of  its  high  specific  gravity,  being  in  this  way  gradually  concentrated. 

It  is  kno\\Ti  that  since  the  formation  of  the  tin  deposits  this  region  has  been  subjected  to 
extreme  degradation.  All  the  j)hen()niena  of  intrusion,  contact  metamorphism,  and  vein 
formation  which  have  here  iH'cn  observed  point  to  the  fact  that  these  porce^wes  went  on 
under  gi*eat  pressure  and  therefore  far  1h>1ow  what  was  then  the  surface.  The  physiographic 
evidence  in  the  planation  of  this  much-folded  region  is  in  the  same  direction.  It  thus 
appears  that  extensive  portions  of  the  tin-l)earing  dikes  have  b<*cn  removed.  Much 
cassiterito  must  thus  have  been  liberated  from  the  rock  and  remained  close  to  the  original 
ore  bodies  as  placer  deposit.s.  It  is  prol)al>le  that  mon^  thorough  prospecting  of  stream 
gravels  along  the  tin  l)elt  will  result  in  the  discovery  of  small  amount^s  of  the  mineral:  but 
such  siuirch  »is  has  l)een  conducted  leads  one  not  to  expect  the  presence  of  extensive  placers. 
The  question  then  arises  as  to  what  has  Ix^come  of  the  large  amount  of  tin  which  must  have 
resulted  from  the  disiut^^gration  and  degradation  of  the  tin-l)earing  rocks.  It  is  l)elieved 
that  the  answer  to  this  question  lies  mainly  in  the  fact  that  the  cassiterito  has  lx^en  dis- 
solved and  thus  carried  away. 

While  from  the  customary  standpoint  of  the  lal)oratory  chemist  cassiterito  Is  pronounced 
insoluble,  it  nevertheleas  does  dissolve  ver^'  slowly,  even  in  pure  water."  The  oft-cited 
case  of  pseudomorphic  replacement  by  cassiterito?  of  the  material  of  deer  horns  ^  shows 
that  in  a  comparatively  short  interval  of  geologic  time  marked  solution  will  take  place.     It 


aDoclter,  C.  Tschennaks  Min.  u.  i)etrogr.  Mittheiliingeu,  vol.  11,  p.  325. 
b  Collins,  J.  II.,  Trans.  Roy.  Geog.  Soc.  Cornwall,  vol.  10.  pp.  98-100. 
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seems  prolmblo  that,  subjected  to  the  action  of  solutions  during  long  geologic  ages,  the 
casaiterit^  may  have  been  in  great  part  dissolved  and  CAiried  away  in  the  streams.  It  is 
not  imlikely  that  the  peculiar  conditions  existing  when  the  country  was  reduced  almost  to 
base-level  had  nmch  to  do  with  this  result.  The  stream*,  then  being  sluggish,  could  dis- 
solve greAt<»r  amounts  of  chemical  substances  and  thus  become  more  powerful  reagents 
than  under  ordinary  conditions,  and  it  is  easily  conceivable  that  under  these  circumstances 
the  cassiterite  was  dissolved  at  a  comparatively  rapid  rat«. 

It  has  lxH>n  sought  to  test  this  hypothesis  by  examination  of  individuals  of  cassiterite 
in  the  upper  part  of  deeply  decomposed  dikes  to  see  if  they  have  suffered  any  etching  or 
solution.  The  almost  complete  absence  of  smooth  crystal  faces  and  the  uneven  but  not 
very  rough,  surfaces  of  the  grains  have  made  it  impossible  to  decide  this  question  with 
certainty,  but  it  seems  probable  that  some  solution  has  taken  place.a  The  increased  fria- 
bility of  the  mineral  near  the  surface  may  be  some  indication  of  solution  along  cleavages 
or  minute  cr»cks.  Furthermore,  this  very  friability  may  have  aided  in  the  removal  of  the 
tin,  both  by  expasing  greater  surfaces  and  in  this  way  hastening  solution  and  by  subjecting 
the  larger  grains  to  (comminution  under  moderate  impact  and  thus  allowing  stream  trans- 
portation of  the  fine  particlas. 

According  to  this  explanation  the  float  tin  which  has  been  found  must  be  of  comparatively 
recent  derivation.  Such  seems  certainly  to  be  the  case.  No  cassiterite  is  known  at  any 
great  distance  from  deposits  in  place,  and  that  which  has  been  found  is  usually  rough  and 
angular,  often  found  adhering  to  pieces  of  the  pegmatite  rock,  indicating  that  it  has  been 
transported  only  a  short  distance,  and  that  little  decomposition  has  taken  place. 

In  spite  of  the^«)  coiiclusions,  more  systematic  and  extended  search  for  stream  tin  is 
adv<K-aU^d.  Prospecting  by  means  of  the  pan  is  so  easily  and  cheaply  accomplished,  and 
winning  of  tin  from  plac^er  deposits  Is  so  much  less  expensive  than  from  veins,  that  a  moder- 
ate expenditure  in  search  of  such  deposits  seems  to  be  worth  the  risk. 

CONCLUSIONS. 

From  the  foregoing  remarks  on  the  placers  and  the  genesis  of  the  ore,  it  is  possible  to 
draw  certain  conclusions  which  may  l^  of  interest  and  value  to  those  engaged  in  the  exploi- 
tation of  these  deposits.  It  has  l)een  shown  that  the  present  surface  is,  relative  to  the  rocks, 
far  l)elow  the  surface  existing  when  the  pegmatite  intrusions  occurred  and  hence  exposes 
portions  o[  the  ore  bodies  which  were  formed  only  at  great  depth.  In  other  words,  the 
de|Kxsitit)n  of  the  ore  now  found  is  in  no  way  related  to  the  present  surface  and  probably 
was  only  remotely  connected  with  the  original  surface.  No  solution  of  the  tin  from  upper 
partes  of  the  deposits  and  redeposition  in  Iowct  parts — the  phenomenon  known  as  secondary 
enrichment—  has  taken  place.  The  igneous  origin  of  the  ore  and  the  fact  that  the  deposits 
now  known  were  themselves  deep  seated  unite  with  the  foregoing  facts  to  establish  the 
prediction  that  the  deposits  will  probably  maintain  their  present  characters  and  richnuss 
beyond  the  depth  to  which  economic  mining  is  now  possible. 

Mnniro  developments. 

IXX3AUTIES. 

A  condensed  account  of  early  development  operations  in  the  Carolina  tin  belt  has  been 
given  in  the  section  devoted  to  history  (pp.  32-34).  Time  was  not  available  for  a  careful 
examination  throughout  the  tin  belt  and  attention  was  directed  chiefly  to  those  places 
where  a  considerable  amount  of  development  work  has  been  done.  For  the  sake  of  com- 
pleteness, however,  a  list  of  properties  on  which  tin  is  known  to  have  been  found  is  given 
h(!re.  A  more  extended  account  of  some  of  these  occurrenc^js  is  given  in  Pratt  and  Ster- 
rett's  bulletin  on  the  Carolina  tin  deposits,  b  Prospecting  has  been  rewarded  by  the  discovery 
of  cassiterite  float  at  the  localities  or  on  the  properties  of  the  persons  named  in  the  following 


«Cf.  p.  42. 

b  Bull.  North  Carolina  Geol.  Survey  No.  19, 1904,  pp.  22-ao. 
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list,  beginning  at  the  southwest:  Capt.  S.  S.  Roas,  B.  O.  Jenkins,  R.  Patterson,  Eph. 
Jackson,  John  Kester,  V.  Hambright,  George  Patterson,  Dr.  J.  G.  Horde,  J.  M.  Smith,  W.  O. 
Ware,  E.  C.  Faires,  I.  B.  Falls,  Mrs.  Lizzie  Falls,  the  streets  and  lots  of  Kings  Mountain, 
Carpenter  and  Rudisill,  J.  J.  Onnond,  Arrow  wood  Brothers,  R.  A.  White,  M.  V.  Hovis, 
Ramseur  Mill  tract,  John  E.  Jones,  Mr.  Weaver.  Charles  Byers,  A.  J.  Rayfield,  Sylvanus 
Beam,  WiUiam  Broom,  William  Carpenter,  Sam  Gardner,  Katherine  \  i(>kers,  Philip  and 
Christy  Jenkins,  Norah  RayfieU,  Jolm  Carpenter,  Eli  Mosteller,  Henry  Carpenter,  Monroe 
Reep,  and  Eph.  Carpenter.  A  break  in  the  general  continuity  of  known  lo(*alitios  occurs 
between  the  Ross  property  near  GafTney  and  the  B.O.Jenkins  place,  alx)ut  li  miles  north- 
east of  Grover,  a  distance  of  about  12  miles,  although,  as  reported,  a  fragment  of  cassit- 
erite  has  been  found  in  pegmatite  on  the  place  of  William  Martin,  about  3  J  miles  northwest  of 
Blacksburg,  near  the  State  line.  Another  break  about  3  miles  long  occurs  just  south  of 
Little  Catawba  River  in  the  northern  part  of  Gaston  County.  Pegmatite  is  found  all  along 
these  intervals,  however,  and  further  search  may  reveal  the  presence  of  cassiterite. 

DESCRIPTION    or   MINES   AND   PROSPECl'S. 

Recent  operations  of  anything  more  than  a  preliminary  character  have  been  carried  on  at 
only  three  places.  These  are  the  Jones.  Faires,  and  Ross  mines.  Considerable  prospecting 
in  the  way  of  trenches  and  pit^  has  been  done  by  Me^ssrs.  Carpenter  and  Rudisill  in  the 
northern  part  of  the  belt. a 

JONES  MINE. 

The  property  known  as  the  Jones  mine,  which  was  a  part  of  the  John  E.  Jones  planta- 
tion, is  situated  -about  7  miles  north-northeast  of  Kings  Mountain  and  about  3  miles  north- 
west of  Bessemer  City,  stations  on  the  Southern  Railw'ay.  Tlie  mine  is  owned  and  opci^ 
ated  by  the  Carolina  Tin  Company,  of  Charlottesville,  Va,  Some  work  was  done  at  this 
place  before  the  recent  activity  in  tin  mining,  and  several  shallow  workings  have  been 
encountered,  which  probably  date  back  to  1892  or  1893.  In  1903  development  was  begun 
by  the  Carolinas  Tin  and  Development  CV)mpany,  which  hold  the  property  under  option. 
Early  in  1904  it  was  sold  to  tlie  present  owniers,  who  have  done  the  greater  part  of  the  work. 
About  a  CArload  of  concentrates  has  lH»en  obtained  from  tlic  ore  thus  far  mined  and  milled, 
and  one  small  trial  shipment  has  been  made. 

The  surface  developments  include  a  shaft  house,  boiler,  and  hoist.  A  mill  for  the  extrac- 
tion of  the  cassiterite  from  the  ore  has  also  Ix'cn  erected.  The  workings  consist  of  a  verti- 
cal shaft  175  feet  deep,  with  levels  at  deptlis  of  .tO,  KX),  and  ITi)  feet,  aggregating,  perhaps, 
500  feet  of  undergmund  development.  Tlie  50-foot  level  connects  with  the  bottom  of  a 
shaft  a  short  distance  to  the  east  of  the  main  shaft.  A  few  hundred  feet  to  the  south  arc 
a  shallow  pit  and  .short  drift. 

The  country  n>ck  of  this  mine  is  the  typical  amphibolite  of  the  region  and  has  a  loliation 
which  strikes  al>out  X.  30°  E.  and  dips  ulMjut  .7)°  to  60°  NW.  Cutting  this  amphibolite 
is  a  dike  of  granite  or  aplite  2  or  3  feet  wide  and  irregular,  like  the  interfoliated  bodies  of 
pegmatite.  Two  dikes  of  i>egmatite  are  also  intruded  into  the  amphilK^lite.  One,  parallel 
to  the  foliation,  lies  near  and  southeast  of  the  granite  dike.  The  other,  which  has  l>een 
traced  on  the  .surface  for  1,()(X)  feet,  cuts  across  the  structure  of  the  country,  .striking  N. 
78°  W.  and  dipping  very  .steeply  to  the  .south.  It  is  not  yet  defmitely  known  w^hether 
these  two  dike^  unite  or  whether  one  cuts  the  other,  but  there  is  rea.son  to  L>elieve  that  they 
are  of  the  same  age  and  do  unite.  AVhile  the  evidence  is  not  wholly  sati.sfactory,  the  t!ro.ss 
dike  of  pegmatite  appears  to  cut  the  gnmite  dike.  Tliis  aplite  or  granite  produces  meta- 
moq^hism  at  its  contact  like  that  descril>ed  in  detail  on  pages  24  and  25.  The  jK^gmatite 
also  alters  the  adjoining  amphibolite.  Close  to  the  aplite  a  narrow  veiulet  of  quartz,  which 
carries  a  small  amount  of  gold,  imprepiates  the  .surrounding  rocks  with  tounnaline,  garnet. 


oThr  writer  has  r<'<TiitIy  Ixcii  iiifornjcd  that  activo  work,  attcrnletl  witli  gratifying  restjits,  is  ])oing 
ciirrit^«l  on  in  thi.*^  northern  part  of  the  district:  and  that  considerable  development  work  is  bt^ing 
done  by  a  new  eonipany  just  north  of  the  village  of  Kings  Mountain. 
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and  magnetite.  There  are  present,  then,  in  thus  mine  representativt>s  of  the  thn»e  stages 
of  the  intrusion  of  granite.  On  this  account,  as  well  as  for  the  reason  that  the  workings 
have  re.ached  below  the  zone  of  superficial  alteration,  the  Jones  mine  Is  the  most  interesting 
and  instructive  place  in  the  entire  belt  for  the  study  of  the  tin  deposits. 

The  pegmatite  of  the  Jones  mine  is  the  quartz-muscovite  variety,  in  general  coarse 
grained,  but  in  certain  pla«»s  rather  finely  granular.  The  mica  is  usually  a  prominent  con- 
stituent. Both  dikes  contain  ciissitcrite.  A  shallow  pit  and  short  drift  on  the  interfoliated 
or  inclined  dike  exposes  a  narrow  sh(K)t  of  ore  pitching  not  veiy  steeply  to  the  northeast, 
so  that  it  passes  below  the  drift. 

The  principal  workings  are  on  the  cross  dike.  The  main  shaft  lx»gins  on  the  dike,  but 
at  some  depth  the  dike  bends  to  the  south  and  the  dike  passes  into  the  foot  wall.  It  is 
estimated  that  the  bottom  of  the  shaft  is  at  least  20  feet  distant  from  the  dike. 

Although  varying  in  width  from  a  few  inches  to  4  feet,  and  having  a  strike  and  dip  wliich 
are  not  exactly  constant,  this  dike  is  regular  as  compared  with  the  majority  of  pegmatite 
bodies  of  the  region.  Fig.  5  gives  an  indication  of  the  structure  of  tliis  dike.  Little  nar- 
row offshoots  arc  injected  into  the  country  rock  parallel  to  it«  foliation.  Slickensides  are 
seen  in  places  along  the  walls.  An  ore  shoot  wtts  encountered  on  the  surfa<*c  and  was  pros- 
pected by  means  of  a  40-foot  shaft.     The  ore  body  was  found  to  pitch  to  the  west,  so  a 


FlQ. 


Pegmatite  Amphlbolite 

-Diagramniatic  plan  showing  stnictuni  of  cross  dike  of  pegmatite,  Jones  mine,  50-foot  level 


drift  was  nm  westward  from  the  lx)ttom  of  the  shaft.  The  main  shaft  was  then  begun 
still  farther  west.  From  a  point  about  50  feet  Ixilow  the  surface  and  perhaps  /50  feet  east 
of  the  main  shaft  a  stope  has  been  made  slanting  upward  and  eastward  to  the  surface. 
The  horizontal  extent  of  this  stope  along  the  strike  of  the  level  varies  from  20  to  over  50 
feet.  It  is  probably  somewhat  greater  in  this  dimension  than  the  ore  body  on  which  it 
was  driven.  A  sublevel  at  a  depth  df  60  fqet  and  the  main  100-foot  level  disclose  the  dike, 
with  the  ore  shoot  still  pitching  westward.  At  the  100-foot  level  the  dike  is  about  8  feet 
south  of  the  shaft.  A  drift  westward  from  the  shaft  is  45  feet  long  and  is  in  the  ore  shoot, 
whose  western  limit  has  probably  not  yet  been  reached.  On  this  level  the  cassiterit*  is 
present  in  smaller  grains  than  usual,  and  more  care  is  required  in  following  the  ore  body 
than  where  the  large  dark  "crystals"  show  plainly  by  candlelight.  At  the  150-foot  level 
the  crosscut  to  the  south  finds  the  dike  much  broken  up.  It  appears  here  almost  as  if 
what  has  been  cut  is  not  the  cross  dike,  but  the  interfoliated  dike,  which  has  been  opened 
on  the  surface  to  the  south.  There  seem  to  be  irregular,  lens-like  bodies  of  pegmatite  in 
the  schist,  and  these  carry  some  cassiterite.  Some  more  crosscutting  failed  to  find  the 
regular  dike  as  followed  in  the  workings  above,  and,  sinco  very  soft,  caving  ground  was 
encountered,  work  was  .suspended  in  the  bottom.  It  has  been  learned  since*  the  writer's 
visit  that  on  the  60-foot  level,  50  feet  west  of  the  shaft,  a  northeast  dike,  doubtless  corre- 
sponding to  the  northeast  dike  known  on  the  surface,  was  struck.    The  same  dike  was  cut 
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again  on  the  100-foot  level,  75  feet  west  of  the  shaft,  indicating  a  dip  to  the  northwest, 
which  also  corresponds  with  the  interfoHated  dike.  Here  at  the  100-foot  level  it  would 
seem  from  the  descriptions  that  the  two  dikes  of  pegmatite  unite.  It  is  not  known  how 
much  ca^iterite  was  present  in  the  pegmatite  encountered  in  this  last  work.  Operations  ■ 
at  the  mine  were  stopped  in  the  summer  of  1905.  Water  was  first  encountered  at  45  feet 
and  has  necessitated  vigorous  pumping  since  the  shaft  reached  the  depth  of  65  feet. 

The  caasiterite  occurs  in  the  decomposed  kaolin,  mixed  with  mica  near  the  surface,  but 
at  greater  depth  the  ore  becomes  hard  and  fresh.  Some  of  the  fresh  ore  is  comparatively 
rich,  carrying,  probably,  over  10  per  cent  of  met^iUic  tin.  The  average  of  all  the  p^matite 
broken  in  the  mine  is  said  to  have  been  about  0.7  per  cent  metal.  In  joints,  in  the  fresh 
amphiboUte  little  scales  of  yellowish  sulphide  ^^ith  radial  structure  were  found.  It  had 
been  suggested  that  this  might  be  a  tin-bearing  sulpliide,  but  it  proved  to  be  simply  pyrite. 
It  may  bo  that  there  is  some  connection  between  the  ore  shoot  and  the  intersection  or  junc- 
tion of  the  two  pegmatite  dikes.  No  relation  was  ob8er\'ed,  except  that  the  pitch  of  the 
two  seems  to  be  the  same.     The  junction  of  the  two  dikes  is  apparently  west  of  the  ore  shoot. 

A  little  placer  tin  has  been  obtained  in  and  near  the  small  stream  just  e^ist  of  the  mine 

FAIRES  MINE. 

The  Faires  mine  Is  located  on  the  property  of  Mr.  E.  C.  Faires,  about  1  mile  southwest  of 
Kings  Mountain  station.  The  Carolinas  Tin  and  Development  Company,  of  Gaffney,  S.  C, 
holds  an  option  on  it.  Some  work  was  done  during  the  summer  of  1904,  but  operations 
were  suspended  in  the  autumn.  Besides  numerous  pits,  the  workings  consist  of  a  shaft  40 
feet  deep  and  about  200  feet  of  drifts  and  crosscuts  at  its  bottom.  Hoisting  is  done  by 
means  of  a  windlass  and  bucket. 

Tlie  country  rock  here  is  a  dark-colored  schist,  which  is  probably  amphibolitc,  although 
decomposition  has  been  so  great  that  a  final  decision  can  not  be  reached.  A  few  hundred 
feet  east  of  the  shaft  is  a  prominent  outcrop  of  quartzite.  These  rocks  strike  N.  20°  to  30® 
E.,  and  dip  steeply  to  the  northwest.  Interfoliated  with  or  cutting  at  low  angles  across  the 
schist  are  several  dikes  of  pegmatite.  One  of  tlie  largest  dikes  seen  in  the  rc»gion  occurs 
not  far  west  of  tlie  sliaft,  where  it  outcrops  (u>n.spicuoiLMly  and  can  be  traced  for  a  considerable 
distance.  Its  actual  width  is  not  shown,  hut  may  be  20  or  30  feet.  The  step-like  outcrop 
of  this  dike  alTords  a  good  illuylralion  of  the  irregularity  of  these  deposit*!.  Faulting  is 
suggested,  but  tlie  true  explanation  is  probably  found  in  the  presence,  of  several  near-by 
overlapping  or  en  echelon  lenses.  A  sliort  distance  east  of  the  shaft  are  the  croppings  of  a 
quartz-touruialine  vein. 

The  pegmatite  of  the  Faires  mine  is  the  quartz-mica  variety,  but  in  most  places  (contains 
more  feldspar  than  that  of  the  Ji)nes  mine.  The  large  dike  alx)ve  mentioned  contains  con- 
siderable sj)odumene  and  small  green  apatite  crystals  along  with  albite,  quartz,  and  inu.sc<>- 
vite.  The  snialler  dikes  contain  no  s[K>duniene  so  far  as  known,  but  rather  more  feldspar. 
Muscovite  mica  is  abundant  in  nt^arly  all  the  dikes.  A  considerable  quantity  of  float  tin  has 
Ix'cn  found  upon  the  surface  in  the  vicinity  of  one  of  the  narrower  dikes.  A  rather  perfect 
double  pyramid,  weighing  about  three-fourths  of  a  pound,  was  found  in  1904,  and  a  lump, 
part  of  a  single  individual,  without  crystal  faces,  was  later  found  near  by.  It  weighs  about 
1^  pounds. 

A  pit  where  the  float  was  most  abundant  exposed  a  dike  of  pcgmatit^^  about  3  feet  wide. 
This  dike  strikes  about  X.  30°  E.  and  dips  steeply  northwestward,  being  consequently  nearly 
or  (juite  parallel  to  the  foliation  of  the  schist.  The  dike  ap|x^ars  not  to  l)e  continuous,  but  to 
Ik*  made  up  of  narrow  sections  which  pitch  steeply  to  the  northeast,  and  are  separated  by  a 
tlun  mass  of  foreign  matter,  presumably  decomposed  schist.  This  division  into  strips  may 
be  due  to  the  faulting  which  in  the  undei-ground  workings  is  seen  to  have  taken  place.  One 
of  these  sections  ex|)osed  by  the  pit  contains  a  promising  proportion  of  cassiterite,  esti- 
mated at  10  p<>r  cent. 

The  shaft  was  started  just  east  of  the  outcrops  of  this  dike.  At  its  bottom,  40  feet  below 
the  surface,  a  crosscut  about  40  feet  north-northwest  cuts  what  is  probably  the  same  dike. 
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Along  this  crosscut  are  seen  several  unimportant  faults,  probably  of  small  throw.  As  the  dike 
is  approached  the  schist  contains  many  narrow  white  streaks,  a  few  millimeters  wide,  which 
prove  to  bo  decomposed  dikelets  of  pegmatite  injected  parallel  to  the  foliation  of  the  schist. 
At  the  crosscut  the  dike  is  about  3  feet  widcf,  but  broadens  along  the  drift  to  the  northeast, 
and  soon  reaches  a  width  of  13  feet.  This  is  known  as  the  west  dike.  A  crosscut  21  feet 
east  from  the  bottom  of  the  shaft  discloses  another  dike  of  pegmatite,  3  feet  wide,  nearly 
vortical,  and  striking  about  N.  5°  E.  This  is  called  the  cast  dike.  A  drift  which  follows  it 
northward  for  al>out  55  fei^t  shows  that  it  widens  to  about  12  feet.  At  the  north  end  of  the 
drift  the  dike  appears  to  be  pinching  out  and  pitching  downward  toward  the  north.  At 
this  poin  a  crosscut  from  the  east  to  the  wtnst  dike  shows  that  they  are  33  feet  apart.  A 
continuation  of  the  northeast  drift  on  the  west  dike  disclose^^  what  appears  to  Iw  the  junction 
of  the  two  dikes,  hut  work  was  abandoned  b^^fore  this  point  was  settled. 

All  the  pegmatite  seen  underground  is  much  decomposed.  The  feldspar  and  mica 
apparently  l>oth  altcT  to  kaolin  and  silica,  causing  the  dikes  to  \>Ci  soft  and  easily  worked. 
The  east  dike  contains  several  large  masses  of  this  mixture  of  kaolin  and  silica  whicrh  repn»- 
sents  feldspar.  Remains  of  the  feldspar  cleavage  are  preserved  in  many  places  and  show 
that  some  of  the  individuals  were  large,  reaching  a  breadth  of  several  centimeters.  These 
masses  were  probably  segregations  of  feldspar.  Tliey  are.  balanc^'d  by  lenscvlike  masses  of 
quartz,  many  of  which  are  more  than  a  foot  in  length  and  some  of  which  reach  a  foot  in 
width.  This  was  apparently  a  verj'  coarse-grained  portion  of  the  dike.  Tlie  west  dike 
contains  many  small  black  particles  readily  mistaken  for  cassiterite,  but  they  are  soft  and 
can  be  easily  crushed  to  a  dark-brown  powder.  They  are  undoubtedly  the  alteration 
product  of  lithiophilite.  Purpurite  (see  p.  38)  is  associated  with  the  black  material  in 
some  places. 

Cassiterite  is  present  in  grains  of  small  size  sparingly  scattered  through  portions  of  the 
west  dike.  Larger  and  more  abundant  particles  of  the  mineral  were  found  near  the  north- 
east end  of  the  drift  on  the  west  dike.  Tliis  richer  portion  appears  to  Ix'  a  shoot  pitching  not 
verj'  st^jeply  to  the  northeast.  It  is  probable  that  this  is  the  continuation  of  the  shoot 
exposed  on  the  surface  near  the  shaft.  The  percentage  of  cassiterite,  even  in  the  shoot, 
however,  was  not  c^asidered  sufficient  to  warrant  further  expenditure,  so  operations  were 
siLspended.     Water  was  never  encountered  in  this  mine. 

To  the  south  and  southwest  of  the  shaft  several  pit.s  have  reached  pegmatite  dikes. 
Some  of  these  contain  such  a  pereent^e  of  tin  as  to  appear  worthy  of  further  development. 

BOSS  MINE. 

This  mine,  located  on  the  property  of  Capt.  S.  S.  Ross,  is  about  IJ  miles  northeast  of 
Gaffney,  S.  C.  It  is  at  present  being  worked  by  the  owner.  Fragments  of  cassiterite  were 
dis<'overed  in  the  soil  early  in  1902.  Search  showed  a  considerable  quantity  present  on  the 
slope  toward  a  small  stream  which  crosses  the  prop(*rty.  Considerable  of  the  soil  on  this 
slope  was  sluiced  and  much  of  the  cassiterite  saved.  As  progress  was  made  southward  up 
the  slope  tin  ore  was  found  in  place  in  compact  reddish  clay,  which  changed  to  white  a 
short  distance  l)elow  the  surface.  This  clay  proved  to  be  the  decomposed  outcrop  of  a  tin- 
bearing  pegmatite  dike  and  attention  was  then  directed  to  the  deposit.  A  trench  showed  the 
course  of  the  dike  to  be  N.  48**  E.  and  its  dip  60°  to  65°  SE.  An  incline  pitching  at  a  low 
angle  was  nm  southward  for  135  feet.  About  25  feet  south  of  the  projection  of  the  bottom 
of  this  incline  a  vertical  shaft  was  sunk  on  the  hanging-wall  side  of  the  dike.  This  shaft 
cuts  the  dike  at  aliout  100  feet  below  the  surface.  At  a  depth  of  75  feet  a  crosscut  west 
from  th(^  shaft  reaches  the  dike  in  30  feet,  and  drifts  about  30  feet  long  have  been  run  along 
the  dike  in  each  direction.  Sinking  of  the  shaft  is  now  being  continued.  The  surface 
developments  include  a  shaft  house,  two  large  boilers,  and  a  steam  hoi.st  recently  installed. 
A  near-by  stream  has  been  dammed  to  furnish  a  sufficient  quantity  of  water  for  washing  and 
sluicing  the  ore. 

Bull.  293—06 i 
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The  country  rock  of  this  mme  is  amphibolite.  Decomposition  has  extended  below  the 
present  workings,  but  the  true  character  of  the  rock  can  readily  be  discerned  from  the 
freshest  rock  in  the  bottom  of  the  shaft.  In  the  bed  of  the  stream  to  the  north  also  fairly 
fresh  amphibolite  is  exposed:  A  number  of  interfoliated  pegmatite  dikes  are  seen  at  the 
creek.  They  are  narrow,  usually  not  over  a  foot  in  width,  and  suggest  simultaneous  injec- 
tion along  planes  of  greatest  weakness.  This  pegmatite  is  of  the  quartz-microcline  variety, 
with  only  scattered  small  masses  of  compact  muscovite.  Near  the  bottom  of  the  shaft  the 
pegmatite  becomes  granitic  in  appearance. 

So  far  as  known  the  dikes  contain  no  tin  where  exposed  at  the  creek.  It  is  not  even  cei^ 
tain  that  they  are  the  continuation  of  the  dike  on  which  the  workings  are  situated,  but  such 
is  probably  the  case.  The  incline  followed  a  southwestward-pitching  ore  shoot  until  the 
ground  became  so  soft  that  the  workings  could  not  be  maintained.  Much  of  this  ore  was 
very  rich,  consisting  of  soft  kaolin  and  a  little  quartz  surrounding  large  and  small  masses  of 
cassit«rite.     Groups  of  imperfect  crystals  and  large  irregular  masses,  some  of  which  weighed 

as  much  as  100  pounds,  were  encoun- 
tered. The  drift  ^rom  the  75-foot  level 
of  the  shaft  is  on  the  extension  of  this 
ore  shoot.  Here  the  percentage  of  tin 
is  probably  less,  but  the  distribution  is 
moi-e  even,  rich  pockets  giving  way  to 
disseminated  grains  from  the  size  of  a 
walnut  down.  Near  the  end  of  the 
drift  to  the  southwest  the  shoot  passes 
below  the  floor  of  the  level.  The  dike 
where  cut  by  the  shaft,  at  about  100 
feet,  consists  of  a  series  of  apparently 
disconnected  lenses,  many  of  them 
overiapping,  whicli  contain  a  little  cas- 
siterito  in  small  grains.  (See  fig.  6.) 
It  is  the  intention  to  sink  the  shaft 
somewhat  farther  and  then  to  turn  a 
level  southward  in  the  hope  of  picking 
up  the  continuation  of  the  ore  .shoot 
encountered  in  the  workings  above. 

It  is  almost  certain  that  the  float 
tin  found  in  the  soil  on  the  slope  be- 
low the  shaft  was  derived  from  the 
upper  continuation  of  this  ore  shoot 
alwve  the  present  surface.  It«  low- 
angle  of  pitch  would  on  degradation 
allow  the  lib<jrated  fragments  of  CAssi- 
terite  to  cover  a  considerable  horizontal 
strip  with  but  little  lateral  transportation.  It  is  doubtful  if  the  quantity  of  float  tin  found 
will  Ik?  very  gi*eat.  In  fact,  it  seenm  probable  that  t  he  greater  part  has  already  been  removed. 
It  is  dilpRult  to  estimate  the  percentage  of  tin  in  the  ore  lx?cause  of  the  variable  content 
of  cassiterite  in  difl'erc^nt  parts  of  the  dike  and  the  ore  shoot.  A  100-pound  sample  across 
the  dike  at  the  ore  shoot  on  the  75-foot  level  wtus  washed  and  gave  9  pounds  of  cassiterite,  or 
about  6..5  per  cent  metallic  tin.  This  is  probably  somewhat  better  than  the  or©  shoot  will 
average.     Outside  of  the  ore  shoot  the  quantity  of  ca.ssiteritc  in  the  dike  is  very  small. 

Water  has  been  a  tix>ublesome  factor  in  the  sinking  of  the  .shaft  and  pumping  is  con- 
tinued day  and  night. 

One  carload  of  nearly  20  tons  of  concentrates  wa.s  shipped  to  England  from  the  Ross 
mine  in  1903.  Another  carload,  bringing  the  total  shipment  to  about  75,000  pounds,  was 
sent  out  in  1904.  Several  thousand  pounds  are  now  on  hand  ready  for  shipment.  The 
average  content  of  these  concentrates  was  alx)ut  GO  per  cent  metaUic  tin. 


Ftegmatite  Amphibolite 

Fig.  6.— Diagram  of  i>cp:nuitito  dike  of  the  interfoliated 
type,  Hoss  mine,  75-foot  level,  .showing  extreme  irregu- 
larity of  struelUR. 
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OTHER  PORTIONS  OF  THE  BELT. 


Considerable  proipecting  was  done  in  the  northern  part  of  the  area  by  Messrs.  Carpenter 
and  Rudisill  in  1904.  This  work  consisted  in  the  excavation  of  trenches  and  shallow  pits 
where  the  presence  of  float  gave  promise  of  tin  in  place.  The  results  have  been  particu- 
larly successful,  for  in  nearly  every  case  they  have  located  a  dike  carrying  tin.  On  the 
place  of  William  Carpenter,  about  11  miles  N.  20®  E.  of  the  town  of  Kings  Mountain,  the 
relation  of  the  pegmatite  to  the  gneissic  granite  is  well  shown.  Here,  particularly,  spodu- 
mene  is  a  prominent  constituent  of  the  dikes.  A  shallow  pit  on  a  dike  just  beyond  the 
limit  of  the  granite  shows  the  pegmatite  to  contain  more  micA  and  cassiterito  whert^  it 
cuts  the  schist,  probably  amphibolite,  than  where  it  cuts  the  granite.  A  dike  comi)os<id 
almost  wholly  of  quartz  and  feldspar  cuts  the  granite  at  this  place.  Itu  interesting  internal 
structure  is  shown  in  fig.  7. 

On  property  owned  by  Henry  CarpenttT,  about  1 J  miles  northeast  of  Long  Shoals,  a  pit 
exposes  an  irregular  dike  of  pegmatite  about  6  feet  wide,  striking  N.  25®  E.     The  normal 
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Fio.  7.— Sketch  of  i>eginatltc  dike,  showing  internal  structure.    On  propcgrty  of  William  Carpenter, 

Gaston  County. 

quartz-mica  pegmatite  with  some  feldspar  occurs  on  both  sides  and  in  the  center  is  a  l)and 
of  quartz-feldspar  rock  of  coarse  grain.  It  is  probably  an  illustration  of  the  aquoo-igneous 
or  veinlike  character  of  pegmatite.  The  outer  portions  of, this  dike  carry  abundant  cas- 
siterite,  probably  10  per  cent  or  more.  The  specimen  illustrated  in  PI.  111,^4,  p.  42,  is 
from  this  Iwality. 

About  a  mile  farther  northeast  a  numljer  of  pit-s  have  been  put  down  on  property  belong- 
ing to  Ephraim  (-arpenter.  Together  with  natural  exposures  by  streams,  these  workings 
show  the  existence  of  what  is  probably  a  single  continuous  dike  for  nearly  half  a  mile.  The 
gt»nerul  course  of  the  dike  is  N.  20°  E.  and  the  dip  is  about  80°  W.  The  slight  curvature 
of  the  line  of  outcrop  is  probably  no  more  than  is  accounted  for  by  the  inclination  of  the  dike 
and  the  contour  of  the  surface.  The  dike  is  5  to  8  feet  wide,  and  in  all  the  pits  shows  an 
amount  of  tin  which  ought  to  make  working  profitable.  Whether  this  is  an  indication  that 
the  whole  dike  carries  considerable  cassiterite  or  whether  the  pits,  located  where  the  float 
was  richest,  struck  an  ore  shoot  in  each  case  is  impossible  to  decide  without  further  develop- 
ment.   Tlie  possibility  that  the  dike  contains  an  ore  shoot  conforming  with  the  surface  is  so 
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slight  as  hardly  to  deserve  mention.  The  exposure  at  one  of  the  streams,  which  m  of  course 
a  fairer  test  than  the  pits,  seems  to  show  the  dikes  with  less  cassiterite  and  hence  to  indicate 
the  unequal  distribution  of  tin  in  the  dike.  In  any  event,  this  is  one  of  the  most  promising 
prospects  in  the  whole  belt. 

Numerous  other  less  prominent  prospects  have  been  opened  in  the  northern  part  of  the 
tin  region.  The  Piedmont  Tin  Mining  Company,  of  Kings  Mountain,  N.  C,  has  recently 
been  incorporated  to  develop  the  promising  properties  in  Lincoln  County. 


As  may  be  inferred,  the  importance  of  placer  deposits  in  this  region  Ls  very  slight.  Some 
little  tin  has  been  won  from  the  soil  immediately  adjoining  and  surrounding  the  tin-bearing 
dikes  at  the  Ross  and  the  Jones  mines,  and  a  small  quantity  was  obtained  in  the  early  days 
in  the  vicinity  of  Kings  Mountain,  but  ^^ith  these  exceptions  nothing  of  value  has  been 
found  and  little  may  be  expected  from  this  source. 

METHODS   OF   MININ(i    AND   EXTRACTION. 


Where  the  rocks  have  withstood  decomposition  and  arc  hard,  the  method  of  mining  is 
similar  to  that  employed  in  nearly  all  kinds  of  mining  where  the  body  to  be  extracted  is 
narrow,  inclined,  and  more  or  less  tabular.  Drilling  is,  up  to  the  present  time,  done  by 
hand.  Such  stoping  as  has  been  done  has  been  mostly  overhand  stoping.  Of  the  several 
shafts  in  the  district,  one  is  a  very  flat  incline  and  the  others  are  vertical.  Little  timbering 
is  needed  below  the  zone  of  surface  decomposition.  Near  the  surface  the  rocks  are  usually 
so  decomposed  that  much  timbering  and  constant  attention  are  required  to  keep  the  ground 
in  shape.  Where  water  is  plentiful,  the  walls  run  in  like  quicksand.  Above  the  water  level 
drifts  can  usually  be  run  along  the  dikes  by  means  of  the  pick,  with  only  occasional  blasting. 

Since  the  present  surface  is  in  no  way  related  to  the  origin  of  these  deposits,  a  horizontal 
section  of  the  dike  is  practically  of  as  great  instnictivo  value  as  a  vertical  .st^ction.  In  other 
words,  a  surface  trench  100  feet  long  reveals  about  as  much  as  a  shaft  100  feet  deep.  The 
trt^nch  ha8  the  advantages  of  Ix'ing  more  expeditious  and  of  nuich  lower  cost  and  of  affording 
greater  certainty  in  following  the  ore-bearing  formation.  In  general,  surface  exploration 
in  the  way  of  pits  and  trenches  should  first  Ih>  undertaken.  If  promising  results  arc  thus 
obtained — to  be  specific,  if  an  ore  shoot  is  thus  exposed — a  pit  should  lx»  sunk  upon  it  so 
that  an  idea  of  its  extent,  pitch,  and  richness  may  l>e  obtained.  Then,  if  the  indications 
warrant,  a  shaft  may  Ih»  sunk  to  intercept  the  ore  shoot  at  a  desirable  depth,  it  l)eing  Iwnie 
in  mind,  however,  that  the  dike  and  the  ore  shcM)t  are  liable  to  change  direction  or  to  pinch 
out  lH»fore  such  a  point  is  reached.  In  many  re^spects  an  incHned  shaft  following  the  ore 
shcH)t  would  l)(»  the  most  efrective  means  of  development;  but  the  possibihty  of  change  in 
dircH'tion  of  the  ore  shoot— necessitating  (»ither  that  the  shaft  Ixi  crooked,  which  is  undesira- 
ble and  uneconomical,  or  that  the  ore  shoot  l)e  left,  in  whicli  case  an  incline  is  less  desirable 
than  a  vertical  shaft — is  so  great  that  the  risk  is  probably  not  justified. 

By  whatever  method  the  miue  is  opiMied,  the  essential  feature  of  development  should  be 
the  following  of  the  ore  shoots. 

TKSTH   FOR   (  ASSITKRITE. 

Because  of  the  dark  color  and  metallic  luster  of  the  cassiterite  from  this  region,  numerous 
dark  heavy  minerals  found  along  or  near  the  tin  belt  have  Ihhmi  mistaken  for  it.  Of  thest^ 
the  iron  ores  ihnenite  and  magnetite  are  most  conunon.  It  may  therefore  be  of  use  to  note 
here  one  or  two  simple  tests  for  cassiterite. 

Magnetite  can,  of  course,  be  identified  l)y  its  attraction  to  a  common  magnet.  Some 
ilmenit(<  is  also  feebly  magnetic  and  can  be  detected  in  the  same  way.  If  the  material  is  not 
magnetic,  the  following  test  is  in  many  cases  of  gieat  service.  The  color  of  powdered  cas- 
siterite ranges  from  white  to  brown,  but  is  nev(T  black.     If  a  small  piece  of  the  mineral  in 
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question  is  ground  to  a  very  fine  powder  between  two  clean  pieces  of  steel  (the  fac«  of  a  ham- 
mer and  a  shovel  will  serve),  it  may  generally  be  safely  rejected  as  not  containing  tin  if  the 
powder  is  black.  If  brown  or  still  lighter  in  color,  recourse  may  be  had  to  the  blowpipe  test, 
which  is  applied  as  follows:  So  much  of  the  finely  ground  material  as  can  be  piled  on  an  area 
one-fourth  inch  square  is  added  to  twice  its  bulk  of  powdered  charcoal  and  to  three  times  its 
bulk  of  pulverized  sodium  carbonate,  or  ordinary  washing  soda.  These  three  substances  are 
thoroughly  mixed  and  then  transferred  to  a  little  depression  in  a  stick  of  charcoal,  where  they 
are  moistened  to  a  thick  paste.  The  flame  of  an  alcohol  lamp  is  then  directed  upon  them 
with  a  blowpipe,  care  being  taken  to  envelop  in  the  flame  as  much  of  the  material  as  possible 
and  at  the  same  time  to  produce  an  intense  heat.  If  the  operation  is  properly  carried  out, 
the  prcs(»nce  of  tin  will  be  indicated  by  the  appearance  of  small  globules,  which  seem  darker 
or  le^sH  highly  heated  than  the  surrounding  material.  By  continued  heating  numbers  of 
these  particles  can  be  made  to  coalesce  into  a  bead  of  appreciable  size.  The  formation  of 
such  metallic  beads  or  globules  is  not,  however,  a  proof  of  tin,  but  may  be  due  to  the  pres- 
ence of  any  one  of  a  group  of  metals  of  which  tin  is  a  member.  On  being  removed  from  the 
flame  the  globules  often  become  oxidized  on  the  surface  and  covered  with  a  white  layer 
which  masks  their  metallic  character;  but  if  the  melted  mass  is  crushed  after  cooling  the 
flatt4>ned  pieces  of  metal  may  readily  be  observed.  If  a  white  insoluble  rasidue  results  when 
the  metallic  beads  are  treated  with  concentrated  nitric  acid,  it  may  be  considered  that  tin  is 
present. 

EXTRACTION. 

Tlie  typical  tin  ore  of  this  region — that  is,  the  unaltered  pegmatite  containing  tin — must 
be  cnished  to  obtain  the  tin  mineral.  Ledoux  tried  stamping,  and  erected  a  10-stamp  mill 
for  his  operations.  lie  was  met  by  two  difficulties,  however.  The  large  foils  of  mica,  being 
tough  and  elastic,  resisted  conmiinution  and  gave  trouble  by  clogging  up  the  screens  and  the 
mortars,  and  the  heavy  impact  of  the  stamps  served  to  crush  the  brittle  ca.ssit«rite  so  fine 
that  much  of  it  could  not  be  saved  in  the  subsequent  concentration  operations.  Since  that 
time  stamping  has  not  been  attempted. 

The  equipment  of  the  Jones  mill  is  supposed  to  be  suflicient  to  handle  100  tons  of  ordinary 
material  per  day.  Besides  boiler  and  engine,  the  machinery  consists  of  a  jaw  crusher,  rolls, 
elevators,  screens,  a  pair  of  mechanical  two-compartment  jigs,  and  a  Bartlett  table.  The 
arrangement  appears  well  adapted  for  economical  handling. 

Coming  from  the  mine  the  ore  passes  through  the  cmsher  and  goes  to  a  revolving  screen, 
where  it  is  divided  into  eighth-inch  and  half-inch  sizes.  The  smaller  .size  goes  to  the  concen- 
trating table  and  the  larger  goes  to  the  jigs,  while  the  oversize  goes  to  the  rolls  and  then  again 
through  the  screen.  Considerable  trouble  has  been  experienced  with  the  crushing  machin- 
ery. The  mica  binds  the  rock  together  and  makes  it  tough  and  springy,  so  that  the  crusher 
is  continually  being  choked.  When  a  stream  of  water  is  directed  into  the  crusher  the  diffi- 
culty is  slightly  lessened,  but  clogging  can  be  prevented  only  by  frequent  prodding  with  a 
bar.  It  is  probable  tliat  the  harder  ore  now  being  reached  in  the  lower  part  of  the  mine  will 
give  less  annoyance.  The  rolls  are  also  subject  to  the  same  difficulties,  but  by  the  use  of  an 
abundance  of  water  they  can  be  kept  ahead  of  the  crusher.  It  is  thought  by  Mr.  Seamon, 
president  and  general  manager  of  the  company,  that  sluicing  of  the  ore  as  it  comes  from  the 
mine  will  remove  a  large  amount  of  the  mica  and  thus  increase  the  capacity  of  the  crushing 
machinery.  This  can  be  demonstrated  only  by  experiment.  It  is  believed  that  the  best 
remedy  would  be  the  substitution  of  a  rotary  crusher  for  the  jaw  crusher  now  being  used. 
Th(*  jigs  make  a  very  good  product,  although  it  is  probable  that  an  appreciable  amount  is 
last  by  attrition,  as  the  grains  removed  from  the  upper  compartment  are  in  all  ca.ses  worn 
and  rounded,  it  may  be  found  advantageous  to  take  some  steps  to  save  the  fine  material 
now  carried  away.  Possibly  a  trap  in  the  broad  launder  which  carries  off  the  tailings  would 
accomplish  this  end. 

To  produce  a  clean  conc4>ntrate  it  is  necessary  to  run  the  material  twice  over  the  table.  It 
is  intended  to  reduce  the  size  of  the  smaller  screen  and  thus  give  the  table  a  narrower  range 
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of  sizes  to  handle.  It  is  expected  that  in  this  way  better  results  will  be  obtained  and  that  the 
capacity  of  the  table  will  be  increased,  while  the  jigs  are  relied  on  to  handle  with  ease  the 
increased  amount  of  larger  size.  As  the  plant  is  operated  at  present,  it  is  doubtful  if  the 
finest  tin  is  being  saved.  If  the  tailings  from  the  Bartlett  table  were  carefully  sized  and  the 
fines  run  over  a  Frue  vanner,  it  is  probable  that  an  additional  amount  could  be  obtained,  but 
whether  the  saving  thus  eflfected  would  compensate  for  the  extra  cost  is  not  known. 

At  the  Ross  mine  very  little  hard  ore  has  been  mined,  most  of  the  cassiterite  thus  far  taken 
out  being  contained  in  the  soft,  putty-like  kaolin  which  constitutes  a  large  part  of  the  upper 
decx)mposed  portion  of  the  dike.  Sluicing  does  not  succeed  in  removing  this  sticky  material 
from  the  cassiterite.  Some  concentration  in  hand  jigs  has  been  done,  but  the  process  which 
seems  most  simple  and  effective  is  washing  through  a  coarse  screen  and  sluicing  the  material 
which  passes  through.  Constant  turning,  with  the  shovel,  of  the  material  on  the  screen 
serves  to  remove  the  kaolin  from  the  cassiterite.  By  shoveling  over  and  over  the  material  in 
the  first  box  or  sluice  a  very  good  concentrate  is  produced.  This  process  is  the  same  as  that 
used  for  the  concentration  of  monazite.  Much  of  the  float  or  placer  tin  has  been  recovered 
in  this  way,  because  scarcity  of  water  and  the  small  extent  of  the  deposits  have  made  ground 
sluicing  impracticable. 

PRODUCTION. 

The  only  production  from  the  Carolina  tin  belt  of  which  there  is  accurate  record  is  that 
from  the  Ross  mine.  This  amounted  to  38,471  pounds  of  cassiterite  concentrates  in  1903 
and  35,925  pounds  in  1904,  a  total  of  74,396  pounds  of  concentrates.  The  actual  total  con- 
tent of  metallic  tin  is  not  known  to  the  writer.  The  1903  shipment  is  said  to  have  'run 
about  70  per  cent  tin  and,  according  to  assays  by  Lodoux  &  Co.,  the  1904  shipment  aver- 
aged about  66  per  cent.  On  the  assumption  that  the  entire  output  to  date  has  averaged 
66  per  cent  tin,  the  total  amount  of  metallic  tin  shipped  from  the  Ross  mine  has  been 
about  50,000  pounds,  or  25  tons.  A  few  thousand  pounds  of  concentrates  are  now  ready 
for  shipment  at  this  mine  and  nearly  a  carload  has  been  produced  at  the  Jones  mine. 
From  these  two  sources  perhaps  at  most  20  tons  of  metal  may  bo  obtained.  Two  carloads 
of  ore  sent  to  England  by  Lodoux  in  tlie  early  days  of  activity  in  tin  mining  are  said  to 
have  averaged  al)out  2  per  rent  metallic  tin;  the  total  amount  could  not  have  been  over  1 
ton  of  metal.  If  to  this  is  added  the  amount  of  cassiterite  that  has  been  carried  away  as 
curios,  specimens,  and  samples  for  assay,  it  is  found  that  the  total  production  of  metallic 
tin  from  the  Carolinas  is  probably  not  over  .50  short  tons.  A  considerable  portion  of  this 
amount,  probably  over  half,  was  derived  from  lodes,  or  at  least  from  deposits  in  place. 

ECONOMIC  IMPORTANCE  OF  THE  TIN  SEPOBITB. 

To  the  mining  man  and  the  investor  the  topic  of  moment  is  the  prospective  economic 
value  of  these  deposits.  Disouasioas  as  to  geologic  occurrence,  origin,  etc.,  may  enable 
them  to  arrive  at  conclusions  which  can  Im?  reached  in  no  other  way,  but  what  they  most 
desire  to  know  is,  Will  the  deposit  pay;  and  if  so,  how  weir# 

A  number  of  important  factors,  of  which  several  are  more  or  less  interdependent,  enter 
into  the  consideration  of  this  question.  The  price  of  tin,  the  richness  of  the  ore,  the  size 
of  the  ore  lx)dies  and  their  relation  to  depth,  and  the  cost  of  raining,  milling,  and  trans- 
portation— all  theses  points  demand  consideration  before  final  conclusions  as  to  the  com- 
mercial value  of  these  deposits  can  be  reached. 

In  a  report  of  this  s<'0|x\  covering  a  region  where  so  little  development  has  been  accom- 
pli.shed  and  where  the  production  has  Ix^en  so  scanty,  several  of  these  points  can  not  be 
discussed  satisfactorily.  Certain  facts  which  have  a  Ix^aring  on  the  question  have,  how- 
ever, Iwen  learned  and  may  1h;  presented. 

VALUE   OF   THE   ORE. 

Three  ore  lK)dics  in  the  district  have  been  prosjyected  by  underground  workings.  Results 
at  tile  Faircs  mine  were  unsatisfactory.  It  is  doubtful  if  the  average  content  of  the  whole 
ore  shoot  at  the  Jones  mine  will  reach  5  per  cent  of  concentrates.     At  the  Ross  mine  the 
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percentage  of  cassiterite  in  the  ore  shoot  may  have  been  somewhat  greater,  but  at  the  pres- 
ent level  of  working  it  is  probably  under  5  per  cent.  There  is  no  reason  to  believe  that  the 
average  richness  of  the  ore  in  the  deposits,  considered  collectively,  will  change  with  depth. 
On  the  other  hand,  decided  fluctuations  may  take  place  in  individual  bodies. 

The  metallic  content  of  the  concentrates  can  only  be  inferred  from  one  case.  While 
small  selected  samples  of  cassiterite  may  reach  75  per  cent  metallic  tin,  the  general  run  of 
the  concentrates  will  fall  considerably  below  that  figure.  Of  the  second  shipment  from 
the  Ross  mine,  1,860  pounds  averaged  72.53  per  cent  tin,  29,376  pounds  averaged  70.31 
percent,  and  4,689 pounds  averaged  36.50  per  cent — in  other  words,  about  seven-eighths 
averaged  over  70  per  cent  and  the  remainder  about  35  per  cent,  the  average  metallic  con- 
tent of  the  whole  shipment  being  about  66  per  cent,  which  Is  a  very  good  grade  for  lode 
tin.  It  is  known  that  considerable  care  was  exercised  in  the  preparation  of  these  concen- 
trates, so  it  may  be  that  this  figure  Ls  rather  above  the  average  for  the  region.  The  almost 
entire  al)sence  of  other  heavy  minerals  in  the  pegmatite  and  the  purity  of  the  cassiterite 
itself,  however,  make  it  fairly  certain  that  careful  concentration  will  give  a  clean  product 
of  good  grade.  If  the  figure  for  the  Ross  shipment  is  the  average  for  the  region,  it  means 
that  every  3  pounds  of  concentrates  contain  2  pounds  of  metallic  tin. 

While  subject  to  considerable  fluctuations,  the  price  of  tin  is  slowly  rising.  The  aver- 
age price  of  metallic  tin  in  the  New  York  market  .during  1904  was  practically  28  cents  per 
pound.  A  ton  of  ore  containing  1  per  cent  of  concentrates,  of  which  66  per  cent  is  tin, 
contains,  therefore,  about  $3.70  worth  of  tin  at  the  above  pricx*.  A  maximum  of  the  aver- 
age gross  value  of  the  ore  from  the  shoots  thus  far  developed  in  the  Carolina  belt  is  $18.50 
per  ton.  If  abundant  spodumene  Is  ever  found  in  close  a.ssociation  with  tin  ore  of  good 
grade  it  may  add  to  the  total  value  of  the  ore,  provided  it  can  l)e  separated  and  saved. 

SIZE   AND   EXTENT  OF  THE   DEPOSITS. 

The  width  of  the  ore  bodies  is  limited  to  that  of  the  dikas  in  which  they  occur  and  is 
in  many  cases  narrower.  The  average  width  of  those  ore  shoots  which  have  been  explored 
is  probably  not  over  3  feet  and  more  likely  even  less.  The  breadth  of  the  shoots — that  is, 
the  dimension  in  the  plane  of  the  dike  at  a  right  angle  to  the  pitch,  or  greate^st  dimension 
of  the  shoot — is  less  easily  determined  by  a  small  amount  of  development.  Twenty-five 
feet  is  probably  a  maximum  for  those  already  known.  The  pitch  length — the  greatest 
dimension  of  the  shoots — is  thus  far  unknown;  but  indications  are  that  the  concentration 
of  tin  in  certain  parts  of  the  dikes  is  controlled  by  factors  which  are  variable  and  rather 
easily  influenced  by  surrounding  conditions,  so  that  the  ore  bodies  may  be  expected  to  be 
of  irregular  extent  longitudinally. 

The  fact  that  the  ore  bodies  represent  magmatic  segregations  from  an  igneous  rock 
-  ai^es,  on  the  other  hand,  strongly  in  favor  of  the  probability  that  there  is  just  as  much 
cassiterite  at  a  depth  of  100  or  500  feet  as  at  the  present  surface.  It  is  not,  however,  cer- 
tain, nor  even  likely,  that  the  majority  of  ore  bodies  known  at  the  surface  will  continue 
without  interruption  to  great  depth.  Maintenance  of  a  fixed  output  as  depth  is  attained 
will  therefore  mean  increasing  cx)st  of  exploration,  aside  from  the  conmionly  increasing 
costs  of  hoisting,  pumping,  and  other  operations  with  depth. 

FUTURE   PRODUCTION. 

An  estimate  of  the  total  amount  of  ore  which  a  mining  region  will  produce  must  be 
based  on  long  and  careful  study  and  is  at  best  exceedingly  uncertain.  For  a  region  where 
so  little  development  has  been  effected  as  in  the  Carolina  belt  any  prediction  of  this  kind 
would  be  idle.  Certain  facts  be-aring  on  the  probable  output  of  the  district  may,  however, 
be  stated. 

The  prospecting  that  has  been  done  during  the  twenty-five  years  since  the  discovery  of 
tin  in  this  region  should  furnish  some  idea  of  the  extent  and  number  of  the  ore  deposits. 
While  it  is  highly  probable  that  some  additional  deposits  will  be  found,  there  is  no  reason 
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to  expect  ore  bodies  of  much  greater  size  or  richness  than  those  already  known.  If  any- 
thing, the  probabilities  are  that  the  best  ore  has  been  already  discovered.  Furthermore, 
it  is  reasonable  to  suppose  that  the  ore  shoots  already  explored  are  as  good  as,  or — since 
mining  usually  begins  at  the  most  promising  points — better  than  those  whose  existence  is 
known  but  which  have  not  been  developed.  In  short,  it  seems  justifiable  to  assume  that 
5  per  cent  of  the  total  rock  broken  along  an  ore  shoot  is  a  generous  figure  for  the  average 
amount  of  cassiterite  to  be  recovered.  Finally,  while  the  ore  shoots  will  usually  be  found 
extensive  in  one  dimension,  in  the  other  two  they  will  probably  be  small,  and  the  im^ilarity 
of  their  position  and  extent  will  make  mining  expensive  and  uncertain. 

Glowing  predictions  that  these  deposits  will  soon  supply  the  domestic  demand  for  tin 
have  of  course  been  circulated,  and  while  it  is  doubtful  if  they  have  made  an  impression  on 
the  minds  of  those  acquainted  with  the  region  it  is  well  to  correct  any  false  idea  which  such 
statements  may  give  to  others.  A  little  consideration  of  the  meaning  of  these  statements 
will  show  their  extravagance.  The  cx)nsumption  of  metallic  tin  in  the  United  St-ates, 
which  is  annually  increasing,  was  43,120  short  toas  in  1904.  This  is  equivalent  to  about 
65,000  tons  of  concentrates  containing  66  per  cent  tin,  or  a  production  of  nearly  200  tons 
of  concentrates  per  day.  If  the  ore  contains  5  per  cent  cassiterite,  4,000  tons  of  ore  would 
have  to  lx»  raised  each  day  in  the  Carolina  tin  belt.  When  it  is  remembered  that  the  total 
production  from  the  region  has  been  alx)ut  50  tons  of  metal  the  absurdity  of  such  a 
proposition  is  apparent. 

COSTS  OF   PRODUCTION. a 

Cost  of  mining. — ^The  cost  of  mining  is  intimately  connected  with  the  position,  shape,  and 
size  of  the  ore  shoots.  As  work  continues  in  this  region,  it  is  believed  that  attention  will 
be  directed  more  and  more  to  following  tliese  shoots.  Their  small  dimensions  in  two  direc- 
tions, their  usually  inclined  and  variable  pitch,  and  their  uncertainty  of  extent  conspire 
to  make  their  exploration  costly. 

At  the  Faires  mine  the  material  of  the  dikes  was  so  decomposed  that  most  of  it  could  be 
broken  down  with  a  pick,  and  blasting  was  only  occasionally  required.  Drifting  in  ground 
of  this  description,  with  a  short  underground  tram  and  a  hoist  of  40  feet  by  windlass,  is  said 
to  have  cost  $1  to  $1.50  per  foot.  Sinking  would  cost  more.  At  the  Jones  mine,  according 
to  reports,  work  in  the  hard  rock  is  easier  and  cheapt^r  than  in  the  decomposed  material. 
At  the  Ross  mine,  also,  whore  tlie  rm'k  for  tlic  first  80  feet  is  so  decomposed  that  it  is 
extremely  soft,  tlui  increased  ease  of  ''breaking"  it  is  much  more  than  offset  by  the  care 
and  the  timber  required  to  hold  the  ground.  Shaft  sinking  below  the  water  level  under 
these  conditions  is  exceedingly  slow  and  expensive  work,  k  contract  for  sinking  the  two- 
compart  nient  shaft  50  feet  from  the  80-fcK)t  level,  through  ground  which  is  rapidly  lH>com- 
ing  hard,  has  recently  been  given  for  S25  per  foot,  the  company  furnishing  the  machinery. 
Up  to  date  the  tin  taken  from  the  deposit  in  place  luis  cost  a  little  more  than  twice  what  it 
cost  to  extract  the  cassiterite  from  th(^  surface  gravels  by  placer  methods. 

If  these  deposits  are  to  be  extensively  developed,  the  greater  part  of  the  mining  will  of 
course  be  in  hard,  und<*com{X)sed  roi^k,  such  as  is  now  being  broken  at  the  Jones  mine. 
While  the  water  problem  may  nevcT  be  a  very  .serious  drawback  to  mining  operations  in  the 
Carolina  tin  l»elt,  the  toi>ography,  geologic  structure,  and  heavy  rainfall  of  the  region  make 
it  almost  certain  that  the  expi^nse  of  continuous  pumping,  steadily  increasing  with  depth, 
must  U'  added  to  other  items  to  make  the  total  cost  of  mining. 

Owing  to  the  character  and  extent  of  the  ore  bodies,  it  is  to  Ik>  expected  that  the  cost  of 
expU)rrttion,  development,  and  mining  will  increase  with  depth  at  a  higher  rate  than  the 
simple  increase  in  cost  of  hoisting,  pumping,  etc. 

Oak  and  pine  wood  for  fuel  cost  %\.H)  to  $2  jx^r  cord  delivered.  Material  for  timbering 
is  also  cheap,  and  the  price  of  lumber  is  reasonable.  Good  negro  lalx)r  can  be  had  for  75 
cents  to  $1 .25  jmt  day.  A  team  and  wagon,  with  man,  can  \w  hired  for  S2  to  $2.50  per  day. 
Most  other  expenses  are  proportionati'ly  low,  and  the  long  open  season  is  an  advantage. 

a  The  writor  is  gnjatly  iiulebt^^*!  U)  Cupt.  S.  S.  Koss  for  most  of  tho  figun»8  relating  to  costs. 
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Difficulty  is  experienced,  however,  in  obtaining  skilled  miners,  and  inexperienced  hands 
of  course  make  mining  much  more  expensive. 

CoHt  of  extraction  and  smelting. — Tlie  cost  of  extraction  of  the  caasiterite  from  the  sur- 
rounding rock,  as  now  practiced  at  the  Jones  mine,  is  probably  high.  It  is  to  be  expected 
that  longer  experience  will  result  in  a  considerable  reduction  of  this  cost. 

At  the  present  time  there  are  no  tin  reduction  works  in  operation  in  this  country.  A 
plant  erected  at  Bayonne,  N.  J.,  a  few  years  ago  was  never  put  into  active  operation.  All 
the  tin  produced  has  accordingly  been  shipped  to  England.  The  cost  of  smelting  |>er  ton 
of  conc^entrates  is  $24.75,  or  about  $37  per  ton  of  metal.  This  agrees  closely  with  the 
statement  that  in  1895  the  cost  and  profit  of  smelting  all  the  tin  ore  produced  in  Great 
Britain  was  about  $35  per  ton  of  metal,  or  1 J  cents  per  pound.«  The  freedom  of  the  Caro- 
lina concentrates  from  such  objectionable  impurities  as  sulphur,  arsenic,  and  tungsten 
ought  to  reduce  somewhat  the  charges  for  smelting. 

Tramrportation  and  miscellaneous  costs. — The  cost  of  transportation  from  the  mines  to 
New  York  is  approximately  $5  per  ton  of  concentrators,  or  alx)ut  0.38  cent  per  pound  of 
metal.  The  freight  chains  from  New^  York  to  Haile,  Cornwall,  England,  amount  to  $2 
per  ton  of  concentrates,  or  about  0.15  cent  per  pound  of  metal.  To  these  figures  must  be 
added  a  small  amount  per  pound  to  cover  handling  of  the  ore,  sampling  and  assaying, 
commissions,  etc. 

CONCLUSIONS. 

The  foregoing  considerations  indicate  that  the  future  of  the  tin  industry  in  the  Carolinas 
is  not  yet  assured.  It  is  believed,  however,  that  in  the  case  of  some  of  the  deposits  conserva- 
tive, careful,  and  systematic  mining  will  be  attended  with  profit.  There  are  a  number  of 
prospects  of  sufficient  promise  to  warrant  further  development  by  cautious  methods. 

The  profits  made  at  the  Roes  mine,  which  were  probably  large  compared  with  the  expendi- 
ture, are  not  to  be  taken  as  a  criterion,  for  a  large  part  of  the  product  of  that  mine  required 
only  washing,  and  most  of  the  remainder  has  been  derived  from  soft  ground  which  required 
no  blasting  nor  crushing. 

SUIOIARY. 

Tin  occurs  along  a  narrow  belt  extending  northeastward  from  the  center  of  Cherokee 
County,  S.  C,  across  Cleveland  and  Gaston  counties  to  the  center  of  Lincoln  County,  N.  C. 
This  belt  represtmts  the  distribution  of  pegmatite  dikes  and  in  its  position  is  dependent 
on  the  general  geologic  structure  of  the  region.  The  pegmatite  is  closely  related  genetically 
to  the  granite  and  granitic  gneiss  which  occur  along  this  belt  and  which  arc  sometimes  cut 
by  the  dikes  of  pegmatite.  Most  of  the  pegmatite  bodies  are  very  irregular  in  extent.  Tin 
is  present  as  the  mineral  cassiterite,  which  occurs  only  as  an  original  or  primary  constituent 
of  the  pegmatite.  This  mineral  is  not  evenly  distributed  through  the  dikes,  but  is  generally 
segregated  or  concentrated  along  certain  lines.  Tlie  ore  bodies  or  shoots  thus  formed  gen- 
erally pitch  at  a  considerable  angle  and  are  of  small  cross  section,  but  extend  indefinitely 
along  the  pitch.  They  are  probably  irregular  in  extent,  somewhat  after  the  fashion  of 
the  dikes  in  which  they  occur.  The  percentage  of  cassiterite  in  the  ore  shoots  may  be 
high  in  places,  but  the  average  value  will  probably  be  under  5  per  c^nt.  This  ore  may  be 
reduced  to  a  concentrate  of  good  quality.  The  cost  of  production  of  the  metallic  tin  ought 
not  to  be  excessive,  but  will  certainly  increase  with  depth.  Placer  deposits  are  unimpor- 
tant. The  necessity  of  shipping  the  concentrates  to  England  for  reduction  is  a  serious 
handicap  and  may  prohibit  operations  which  would  otherwise  be  successful.  The  production 
of  the  Carolina  tin  belt  will  probably  always  be  very  small  as  compared  with  the  amount 
of  tin  consumed  in  the  United  States. 

While  the  outlook,  from  the  commercial  standpoint,  is  somewhat  questionable,  it  is 
bt^lieved  that  profit  may  be  realissed  from  a  number  of  the  deposits  by  careful  methods  of 
working. 


c  Louis,  II.,  Min.  Ind.,  vol.  5,  1896,  p.  673. 
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GOLD. 

INTRODUCTION. 
HISTORY  AND  PRODUCTION. 

When  the  early  Spanish  explorers  came  to  America  they  were  shown  by  the  Indians 
rich  nuggets  and  ornaments  of  gold  which  came  from  the  Southern  Appalachian  region. 
Some  of  this  gold  is  supposed  to  have  come  from  the  area  with  which  this  report  deals.o 
The  Spaniards  mined  for  gold  in  Georgia  in  the  seventeenth  century.  During  the  eight- 
eenth century  very  little  attention  was  given  to  mining  anjrwhere  in  the  Appalachians, 
although  it  is  supposed  by  some  that  gold  was  found  in  this  section  (Brewer  mine)  before 
the  Revolutionary  war.b  Just  at  the  close  of  that  century  placer^gold  was  discovered  in 
Cabarrus  County,  N.  C,  and  from  that  time  forward  prospecting  was  carried  on  with  con- 
siderable vigor.  About  1825  vein  gold  was  discovered  in  Montgomery  County,  and  soon 
afterwards  in  Mecklenburg  County,  N.  C. 

The  first  recorded  production  from  the  particular  area  here  described  was  $3,500  in  1829, 
and  came  from  Lancaster  and  Chesterfield  counties,  S.  C.  In  1830  work  was  being  done 
in  many  places  and  with  profit.  From  that  time  until  the  civil  war  mining  was  an  important 
industry  of  the  region,  and  although  the  rich  fields  of  California  lured  many  from  these 
deposits  of  lower  grade,  the  indirect  result  of  the  California  excitement  was  a  stimulation 
of  mining  activity  in  the  East.  During  the  war,  and  for  several  years  after,  little  mining 
was  done  in  this  area,  but  in  the  seventies,  eighties,  and  nineties  the  condition  of  the  industry 
improved.  At  the  present  time  gold  mining  in  this  central  portion  of  the  CaroUnas  is  not 
in  a  very  flourishing  state.  On  later  pages  the  .endeavor  is  made  to  show  the  causes  for 
the  lack  of  general  success  in  this  region. 

Unfortunately,  no  reliable  statistics  of  production  from  this  area  are  available.  The 
best  records  to  be  obtained  are  those  from  the  United  States  assay  office  at  Charlotte,  N.  C, 
but  these,  given  by  States  and  counties,  have  been  carefully  kept  for  but  comparatively 
few  years  and  henco  are  of  little  value.  To  judge  from  all  available  data,  it  seems  probable 
that  the  total  gold  production  of  this  region  has  been  in  the  neighborhood  of  $10,000,000. 
A  considerable  but  unknown  proportion  of  this  amount  has  Ijeen  derived  from  placer 
deposits,  but  much  the  larger  part  ha.s  l)een  won  by  hard-rock  mining. 

IMPORTANCE. 

This  area  constitutes  the  southern  part  of  the  Carolina  belt,  one  of  the  three  principal 
divisions  established  by  Becker  in  his  excellent  description  of  the  Southern  Appalachian 
gold  fields. r  Tlie  mines  of  this  area  arc  among  the  most  important  gold  producers  in 
the  Carolina  belt  and,  in  fact,  cast  of  the  Black  Hills.  Such  mines  as  the  Haile,  Brewer, 
Colossus  (formerly  Howie),  and  Kings  Mountain  have  been  worked  for  years  and  have  fur- 
nished a  large  part  of  the  total  output  of  the  area. 

Placer  mining,  which  could  be  carried  on  at  little  expense,  has  undoubtedly  been  exceed- 
ingly profitable  in  many  instances  and  has  probably  only  rarely  been  conducted  at  a  loss. 
With  lode  mining,  which  is  at  present  by  far  the  more  important  industry,  the  case  is 
difl'erent.  Although  numerous  rich  strikes,  with  large  profits,  have  been  made,  lode  mining 
in  this  i-egion  has  been  on  the  whole  unsuccessful.  More  has  probably  been  put  into  the 
mines,  considered  collectively,  than  has  ever  lx»en  taken  out.  In  those  mines  which  are  the 
exception  to  this  nile  profit  has  been  realized  in  general  only  by  constant  and  diligent 
care  in  the  exploitation  of  the  ore  bodies  and  in  the  reduction  of  expenses. 


flCf.  Bwkor.  G.  F.,  Gold  fields  of  the  Southorn  Appalachians:  Sixteenth  Ann.  Rept.  U.  S.  Geol. 
Siirvev,  pt.  :<.  1895.  p.  '2r,5. 
f>  Geology  of  North  Carolina,  vol.  2.  1SH8,  p.  234. 
<■  Sixteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  3,  ISU/i,  pp.  251-331. 
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One  great  cause  of  the  lack  of  8ucc>o8s  which  has  attended  gold  mining  in  this  region  lies 
in  the  fact  that  instead  of  one  recognized  and  well-defined  type  of  gold  deposit,  as  is  the 
case  in  most  mining  districts,  there  are  various  t3rpes  exhibiting  a  very  wide  range  in  char- 
actor,  and  individual  mines  present  more  and  greater  differences  than  similarities.  Such 
conditions,  whether  they  are  appreciated  or  not,  mean  expensive  mining.  Advantage  can 
not  1)0  taken  of  past  experience  to  reduce  the  cost  of  exploitation.  If  methods  which  have 
proved  succossful  in  one  mine  are  employed  in  another  the  chance  is  that  they^will  bo 
uasuccossful  l)ocause  they  are  not  adaptod  to  the  du^similar  conditions  of  the  second  mine. 
Accordingly  the  owner  is  loath  to  apply  to  a  new  mine  methods  which  have  proved  success- 
ful elsewhere,  and  is  inclined  iiLstead  to  try  new  methods  which  may  miss  the  mark  as 
widely  as  those  already  in  use. 

Because  of  this  aljsenco  of  a  single  type  of  deposit  the  study  of  this  gold  region  has  been 
not  wholly  satisfactory.  In  most  mining  distri(*ts  the  geologist  sees  more  and  more  clearly 
into  the  character  pf  the  deposits  as  a  whole  as  his  work  progresses,  nearly  every  mine 
adding  evidence  to  aid  in  the  explanation  of  the  type  of  deposit.  In  this  region,  however, 
the  student  of  the  ore  deposits  is  confronted  on  all  sides  by  new  and  perplexing  features, 
which,  instead  of  uniting  to  explain  the  main  problem  of  the  region,  result  simply  in  a  mass 
of  uncorrelatod  and  distracting  facts.  Especial  and  unusual  attention  has  therefore  been 
given  to  the  mine  descriptions,  since  nearly  every  mine  possesses  distinctive  features  and 
has  an  importance  of  its  own. 

(XXJURRENCE   AND   STRUCTURE. 

In  spite  of  the  apparently  general  di.SHimilarity  in  charactor  of  tlie  Carolina  gold  deposits, 
there  exist  among  them  all  certain  close  relations  which  indicate  that  the  differences  are  the 
result  of  extraneous  conditions — such  as  the  structure  and  character  of  the  surrounding 
rock — and  that  all  the  deposits  have  the  same  origin. 

On  the  basis  of  the  outward  and  readily  perceived  characters  these  deposits  may  be 
divided  into  two  broad  types — fissure  veins  and  replacement  deposits.  These  two  are 
joined  together  by  deposits  which  partake  in  part  of  the  nature  of  each.  Placer  deposits 
will  Iw  considered  later. 

FISSURE   VEINS. 

The  fi.ssure  veins  which  are  essentially  cjuartz  veins  with  more  or  less  pyrite  are  exceedingly 
abundant.  Tliey  are  present  in  nearly  all  paits  of  the  area,  conspicuously  appearing 
because  of  their  resistance  to  decomposition,  wliorever  the  soil  is  exposed.  Many  of  the 
larger  veins  outcrop  strongly.  Tlie  veins  occur  principally  in  dense  metamorphic  rocks 
and  seem  to  be  most  common  in  amphibolite  or  in  the  gabbro,  closely  related  to  it.  They 
have  been  formed  by  the  filling  of  fracture  spaces  and  probably  have  in  many  cases  pushed 
their  walls  apart  both  by  the  pressure  from  below,  transmitted  by  the  solutions  and  by  the 
force  of  crystallization.  In  size  they  range  from  the  merest  stringers,  a  smalt  fraction  of  an 
inch  in  width,  to  large,  ^olid  veins  20  feet  or  more  wide.  Most  of  the  veins  dip  at  steep 
angles.  In  the  majority  of  cases  they  conform  somewhat  closely  in  strike  and  dip  with  the 
foliation  of  the  inclosing  metamorphic  rocks,  but  here  and  there  they  cut  across  the  schis- 
tosity  of  the  country  rock.  Tlie  intorfoliated  veins  are  in  general  exceedingly  irregular. 
Tliey  swell  and  pinch,  turn  and  jog,  split  and  unite  in  a  most  aggravating  manner.  It  has 
repeatedly  happened  that  a  vein  of  good  size  and  apparent  persistency  was  found  suddenly 
to  break  up  into  a  mass  of  small  stringers  which  could  not  he  profitably  worked.  Conversely 
it  is  probable  that  sinking  on  groups  of  those  narrow^  veinlets,  which  are  too  poor  or  too 
small  or  too  scattered  to  be  profitable,  would  show  that  in  many  instances  they  unite  to 
form  a  single  large  vein  or  lens  which  may  hold  pay  ore.  (See  fig.  13,  p.  101.)  Cross 
veins  are  much  less  numerous,  but  from  w^hat  can  be  learned  they  are  decidedly  more  regu- 
lar and  persistent  than  the  conformable  veins.  • 
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It  will  at  onc«  bo  noticed  that  there  is  a  striking  similarity  in  structure  between  these 
quartz  veins  and  the  pegmatite  dikes  of  the  tin  belt.  (Compare  figs.  6,  p.  50,  and  14, 
p.  102.)  It  is  believed  that  this  similarity  is  duo  to  the  fact  that,  althougli  the  materials 
are  different,  the  receptacle  is  the  same.  In  other  words,  the  form  and  position  of  both  the 
quartz  veins  and  the  pegmatite  dikes  are  almost  wholly  dependent  on  the  structure  of  the 
surrounding  rocks.  The  explanation  of  the  structure  of  the  quartz  veins  is  therefore  the 
same  as  that  for  the  pegmatite,  whicli  has  already  been  given  at  some  length  (pp.  35-37) 
and  need  only  Im»  summarized  hero.  It  is  believed  that  the  veins  occur  along  planes  which 
represehtod  places  of  weakness  in  the  rocks.  Tlie  interfoliated  veins,  or  those  conformable 
with  the  sorrounding  rocks,  are  irregular  l)ecause  the«o  places  of  weakness,  the  planes  of 
schistosity,  wore  uneven,  discontinuous,  and  irregular.  The  material  from  which  the  veins 
were  deposited,  because  of  its  probably  greater  fluidity  than  that  from  which  the  dikes 
solidified,  sought  out  even  more  irregularities,  and  consecjuently  the  veins  are  less  regular 
than  the  dikes.  In  short,  it  is  l)elieved  that  the  bodies  of  quartz  which  now  exist  did 
not  solidify  in  open  spaces  of  corresponding  dimensions  which  were  ready  to  receive  the 
solutions;  but  that  the  solutions,  pushing  their  way  along  what  may  in  many  cases  have 
been  the  merest  fractures,  actually  forced  the  walls  apart  and  made  the  receptacles  in 
which  their  load  was  deposited.  The  force  of  crystallization  a  may  have  aided  somewhat 
in  this  expanding  of  the  openings,  but  it  is  believed  that  the  principal  factor  was  the  pressure 
under  which  the  solutions  reached  this  zone  of  deposition.  This  pressure,  which  must 
have  exceeded  that  resulting  from  tho  weight  of  the  overlying  rocks,  was  transmitted 
from  a  greater  depth,  where  the  weight  of  the  overlying  rocks  was  greater  than  above. 
An  idea  of  the  structure  of  these  interfoliated  veins  is  given  by  figs.  12,  p.  100,  and  14,  p. 
102.  Tlie  cross  veins,  though  deposited  at  the  same  time  as  the  others,  are  more  regular 
than  the  conformable  veins,  since  they  occupy  later  fissures  which  are  definite  cracks 
breaking  across  the  schistosity. 

Faulting  has  not  been  important.  Sliglit  faults  with  throws  of  a  few  inches  are  sometimes 
seen  in  those  portions  of  interfoliated  veins  which  consist  of  many  irregular  stringers,  but 
it  is  not  certain  in  all  these  ra.se.s  that  tho  faulting  ha.s  boon  later  than  tho  fonnation  of  the 
vion,  for  it  is  possible  that  the  vein  materials  simply  filled  fissures  which  in  places  were 
faulti'd.  In  a  few  cases  more  important  faults  are  known,  but  in  general  tliero  is  very  little 
evidence  of  movement  since  the  period  of  vein  deposition. 

As  regards  internal  struct uro  of  tlie  veins,  it  may  bo  said  that  tho  quartz  is  usually  dense 
and  massive,  but  in  a  few  places  |K).ssessos  u  granular  texture  which  has  led  to  the  miners' 
term  "sugary  quartz."  In  general,  tho  ore  minerals  occurring  in  tho  quartz  gangue  are 
irregularly  dis[K>.so(l,  although  in  certain  deposits  tliore  is  a  more  or  less  decided  tendency 
toward  accumulation  or  concentration  at  or  close  to  tho  walls.  In  a  single  vein  only,  the 
Little  Wilson,  has  any  indication  of  banding  in  tho  interior  of  tho  vein  boon  seen,  and  even 
in  this  case  the  narrow  streaks  of  pyrito  parallel  to  the  vein  walls  give  little  support  to  the 
idea  of  vein  banding  in  tlio  sense  of  successive  deposition  or  crustification.  Druses  and  comb 
structure  of  original  fonnation  have  not  been  observed  in  a  single  instance  in  the  mines  of 
tliis  region. 

KEPI.ACEMKNT  DEPOSITS. 

Large  bodies  of  ore  wholly  different  in  outward  aspect  from  the  quartz  veins  occur  in 
several  places  in  the  oastorn  part  of  tho  area.  While  the  fi.ssure  veins  are  more  immerous, 
this  typo  of  deposit  has  boon  more  productive.  Those  deposits  occur,  with  only  one  or  two 
exceptions,  in  volcanic  rocks  of  the  <|uartz-monzonit<'^porphyry  group  and  are  most  com- 
mon in  tlio  fragmontal  varieties  or  tuffs.  The  porous  nature  »md  easy  alterability  of  those 
volcanic  rocks,  particularly  tho  tuffs,  have  allowed  wido.'^proad  penetration  and  replacement 
by  ore-bearing  solutions.  While  minute  quart/  voinlots  are  locally  present,  the  great  mass 
of  the  ore  bodies  lias  boon  formed  by  replacement  of  tho  country  r(X!k,  chiefly  by  silica  and 
pyrito;  and  it  soonis  probable  that  many  of  tho  voinlots  thom.solves  are  simply  cases  of 
oxtromo  roplacomcnt  and  not  deposits  by  filling. 

a  Dijnn,  K.  J.,  Uoports  on  tho  Bendigo  Gold  Fields,  Victoria  Department  of  Miners,  181K»,  p.  25. 


GOLD    DEPOSITS.  61 

These  ore  bodies  are  of  generous  proportions,  ranging  from  40  or  50  to  hundreds  of  feet  in 
length  and  from  20  to  several  hundred  feet  in  width.  Owing  to  insufficient  development 
up  to  the  present  time  their  depth  has  not  yet  l)een  definitely  ascertained.  Some  of  the  ore 
bodies  persist  below  present  workings,  which  arc  several  hundred  feet  deep,  while  others 
appear  to  give  out  at  a  depth  of  100  feet  or  more.  These  ore  Ixniies  are  not  tabular  and  of 
irregular  extent,  as  might  be  expected  from  the  form  of  the  rock  masses  in  which  replace- 
ment has  occurred ;  they  are  instead  large,  rudely  lenticular  or  elliptical  bodies,  whose  longer 
dimensions  correspond  with  the  structure  of  the  replaced  rock.  The  reason  for  this  peculiar- 
ity of  form  is  not  clear.  The  most  plausible  explanation  seems  to  be  that  the  deposition  of 
ore  was  greatly  influenced  by  the  presence  of  cross  fissures  which  contained  either  ore 
solutions  themselves  or  diflFercnt  solutions  which ,  mingling  with  t  he  ore-bearing  solutions  near 
the  interaection  of  the  two  channels,  caused  a  precipitation  of  the  ore.  Gross  fissures  which 
may  have  accomplished  such  a  result  are  known  in  some  places — for  instance,  at  the  Haile 
and  (>)lossus  mines.  At  the  Ilaile  they  are  commonly  supposed  to  have  had  an  effect  on 
the  deposition  of  the  ore,  but  in  reality  it  seems  probable  that  these  particular  fractures  are 
later  than  the  ore.  Tlio  question  of  the  form  and  extent  of  these  ore  bodies  is  therefore  not 
wholly  settled. 

DEPOSITS  OF  INTERMEDIATE  CnABACTER. 

As  has  already  Ixhju  stated,  all  the  gold  deposits  give  evidence  of  a  common  origin.  It 
would  therefore  be  surprising  to  find  among  these  deposits  a  sharp  division  into  the  two 
classes  just  described.  As  a  matter  of  fact,  the  division  is  not  sharp.  The  two  type^s  are 
in  reality  the  end  members  of  a  series  in  which  nearly  all  intermediate  gradations  are  to 
be  found.  Few,  if  indeed  any,  of  the  quartz  fissure  veins  fail  to  show  some  replacement 
of  their  wall  rocks;  and  at  the  other  extreme  are  the  narrow  quartz  vcinlets  which  repre- 
sent the  easiest  channels  for  the  passage  of  solutions  and  which  gradually  fade  into  the 
large  siliceous  replacement  bodies.  It  is  as  unwise  as  it  would  be  difficult  to  divide  this 
series  into  a  large  number  of  types  dependent  on  the  amount  of  replacement  along  the 
veins.  A  few  deposits,  however,  which  seem  to  stand  at  about  the  middle  of  the  series, 
are  worthy  of  brief  comment.  The  ore  body  of  the  Ferguson  mine,  in  northwestern  York 
County,  is  a  good  representative  of  this  class.  At  that  mine  an  interfoliated  quartz  vein 
penetrates  a  schistose  volcanic  tuff.  Probably  by  the  metamorphism  and  induration 
which  accompanied  foliation,  this  rock  was  rendered  more  resistant  to  attack  by  ore-bear- 
ing solutions  than  in  most  localities,  but  some  alteration  along  the  walls  of  the  vein  has 
taken  place  and  has  resulted  in  the  production  of  a  considerable  zone  of  low-grade  ore  on 
each  side  of  the  richer  quartz  vein.  The  Blackmon,  Kings  Mountain,  and  Thompson 
deposits  also  appear  to  resemble  in  some  respects  both  extreme  types. 

MINERAIXX2ICAL  CHAKACTEB. 

The  mineralogy  of  these  gold  ores  is,  on  the  whole,  comparatively  simple,  but  in  some 
instances  minerals  rare  in  this  a.ssociation  are  present  in  considerable  number.  Owing  to 
the  different  conditions  under  which  they  were  deposited  in  the  fissure  veins  and  in  the 
replacement  lx)dies,  the  ores  from  these  ivfo  sources  exhibit  certain  mineralogic^l  differ-* 
ences.  But  since  the  veins  in  nearly  all  cases  exhibit  some  metamorphic  influence  on  the 
adjoining  rock,  and  since  the  two  types  of  deposits  are  in  a  broad  way  closely  related,  it 
would  Ix'  unwise  to  attempt  to  make  a  fine  distinction  between  the  vein  minerals  and  the 
replacement  ininerab. 

U8T  or  IIINERALfl. 

A  list  of  the  minerals  known  in  this  area  which  constitute  or  accompany  the  gold  deposits 
is  here  given,  together  with  the  name  of  the  mine  where  they  are  found  and  a  statement  as 
to  whether  they  are  original  constituents  of  the  fissure  filling  or  products  of  replacement 
in  the  surrounding  rocks.  Names  printed  in  italic  indicate  decomposition  products. 
Those  original  components  of  the  wall  rocks  which  seem  to  have  been  unaffected  by  the 
ore-bearing  solutions,  such  as  feldspar,  amphibole,  etc.,  are  not  included  here. 
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List  of  minerals  constituting  or  accompanying  the  gold  deposits.  « 

Locality. 


Name. 


QANQUE  MINERALS. 


Quartz. 
Calcite.. 


Seridte. 


Biotito. 


Chlorite. 


Apatite. 


Rutlie... 
Fluorlte. 

Epidote. 


All  the  mines 

Kings  Mountain. 

Schlegolmilch 

IlaUe 

Colossus 

Brewer 

Blackmon 

Brown 

Schlegelmilch 


Occurrence. 


Fissure  filling  and  replacement. 
Replacement. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do.       . 

Do. 


Ferguson Fissure  filling  (?)  and  replacement. 

Kings  Mountain !  Replacement. 

Colossus '         Do. 

Ferguson '         Do. 

Brown Do. 

Schlegelmilch Do. 

IlaUe Do. 

Schlegelmilch Do. 

Ilaile Do. 

Ferguson Do. 

naUe Do. 

Kings  Mountain '  Replacement  (?). 

Schlegelmilch Fissure  filling. 

Kings  Mountain "  Probably  secondary. 

Schlegelmilch Replacement  (7). 


Graphite Kings  Mountain. 

Gh rnot  (?) JoncH  tin  mine "  . 

Tourmaline  (?) <lo 


(«») 


Replacement. 
Do. 


Pyrophyllite Brewer 


Faires  tin  mine '' Fissure  filling  un<l  n^plawnient. 

I  Secondary  (?.i. 


(»RE  MINERALS. 

Gold 

Pyrite 

Galena 

Sphalerite 

Pyrrhotite 


I 


•Chalcopyrito. 


Covdlitr Hrewer 

Chiilranthitc do 

Kings  Mouiitjiin 
Enargite Brewer 


All  the  mines Fissure  filling  and  replawmient. 

....do Do. 

Kings  Mountain ■  Fissure  filling. 

....do '  Do. 

do Fissure  filling  and  rcplaceuient. 

Asbury \         Do. 

Colossus Replacement. 

Ilaile '  Do. 

Jones  tin  mine  c Do. 

Kings  Mountain '  Fissure  filling  and  replacement. 

Ferguson Do. 

Mary I  Do. 

Big  Wilson i  Do. 

Colossus Kej)laeement. 

Jones  tin  mine«i Do. 

Seeondar>'. 

Do. 

Do. 


1  This  list  is  ba.sed  very  larg«  ly  on  a  similar  list  in  Di 
''  Probably  an  originaleonstituent  of  the  wall  roek. 
rWin  is  auriferous,  but  of  very  low  grade. 
d  Vein  said  to  be  auriferous. 


Heplawment. 

tor  Becker's  report. 
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Lifd  of  minerals  ccnstihUmg  or  accompanying  the  gold  deposits — Continued. 


Name. 


Locality. 


Occurrence. 


ORE  MINERALS— continued. 

Araenopy rite Kings  Mountain 

Asbury 

Ixjueopyrite | do 

Tetralicdritc 

Bismuth 

Bismutite 

Bismitc 


Tetradymitc. 

Nag>'agito 

Altai  to 

Moly)>donlte.. 
Ilmenite 


Fissure  Ailing. 
Do. 
'         Do. 

Kings  Mountain |  (?) 

Brewer (?) 

Asbury '. Fissure  Ailing. 

Kings  Mountain ,  Secondary. 

Asbury j         Do. 

Brewer |        .Do. 

Asbury I  Fissure  filling. 


Hematite.. 
Magnetite. 


Kings  Mountain 

do 

Ilailo 

Ferguson 

Other  quarts  veins  a. 

Brown  (?) 

Schiegelmiich  (?) 

Quartz  veins  o 

Jones  tin  mine  ^ 


Cassitcrite Brewer. 


Do. 

Do. 
Kopiaccmcnt. 
Fissure  filling  and  replacement  (?). 

Do. 
Replacement. 

Do. 
Fissure  filling. 
Repiaoement. 

Do. 


a  Deposit  not  Icnown  to  be  auriferous. 

b  Vein  is  auriferous,  but  of  very  low  grade. 

DESCRIITION  OF  TUE  GANQUR  MINERALS. 

Quartz  is  of  course  the  predominant  gangue  mineral.  In  the  veins  it  is  generally  milky 
whit<?,  hut  in  some  cases  is  so  clear  that  in  large  masses  it  appears  dark.  It  is  crowded 
with  fluid  inclusions,  some  of  which  also  contain  gas  and  a  solid.  The  mineral  shows 
neither  fihrous  structure  nor  crystalline  faces.  It  occurs  in  irregular  interlocking  grains, 
showing  a  texture  similar  to  that  of  granite.  For  this  reason  the  (juartz  of  many  of  the 
veins  appears  granular  or  "sugary,"  as  if  crushed.  All  the  evidence  points  toward  deep 
seated  deposition  of  the  quartz. 

As  a  replacement  mineral  the  quartz  exhibits  much  the  same  characteristics  as  in  the 
veins.  It  is  more  apt  to  be  bluish  and  appears  to  hold  fewer  fluid  inclusions.  The  grains 
are  usually  polygonal,  presenting  a  mosaic  appearance.  In  the  wall  rocks  of  veins  the 
quartz  appears  most  commonly  as  very  small  lenses,  while  in  the  large  replacement  bodies 
it  composes  the  greater  part  of  the  altered  rock. 

Sericite  is  probably  next  in  importance.  At  the  Ilaile,  Colassus,  and  Ferguson  mines 
it  occurs  as  minute  needles  and  scales,  especially  along  certain  planes.  It  is  probably 
derived  from  the  original  feldspar  of  the  rock,  and  where  silicific^tion  is  extreme  is  replaced 
by  quartz.  At  the  Brown  and  Schiegelmiich  mines  it  is  scattered  through  the  wall  rock. 
At  the  Brewer  mine  it  appears  to  be  forming  from  the  unknown  mineral  already  referred 
to  (p.  22).    Sericite  forms  the  great  mass  of  the  ore  body  at  the  Blackmon  mine. 

Biotite  is  nearly  as  abundant  as  sericite.  It  is  absent  at  the  Haile  and  Brewer  mines,  but 
at  the  Colossus  and  Ferguson  mines  is  sparingly  present  in  minute  scales  of  irregular  shape. 
At  the  other  mines  where  it  has  been  found  it  occurs  as  irregular  flakes  and  clusters  derived 
from  the  uralite  of  the  amphibolite.  In  all  cases  the  biotite  possesses  the  clear  brown  color 
characteristic  of  contact-metaraorphic  biotite.  Minute  shreds  of  a  mineral  corresponding 
to  clinochlore  are  plentiful  in  specimens  from  the  Haile  Ore  body.  The  mineral  appears  to 
have  been  the  result  of  vein  action,  but  may  possibly  have  resulted  from  the  decomposition 
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of  biotite.  Tiny  fragments,  a  few  of  which  show  prismatic  outline,  are  found  in  the  replace- 
ment bodies  at  the  Hailo  and  Ferguson  mines.  This  material  is  probably  apatite  and 
affords  an  interesting  connection  with  the  Dahlonega  mines,  where  it  occurs  in  the  same 
habit  in  the  midst  of  the  veins.  Rutile  is  found  in  minute  yellow  prisms  in  ore  from  the 
Haile  mine.  Fluorit^  in  narrow  veinlets  cuts  the  quartz  at  the  Schl^elmilch  mine  and 
appears  to  be  of  lat^r  formation  tlian  the  gold  vein.  Its  mode  of  occurrence  at  the  Kingn 
Mountain  mine  is  not  known  to  the  writer.  The  association  of  fluorite  with  gold — par- 
ticularly with  tellurides  such  as  occur  at  the  Kings  Mountain  mine — is  now  well  established 
by  the  deposits  at  Cripple  Creek,  Colo. 

The  concentrates  from  the  Blackmon  mine  contain  a  "black  sand"  which  proves  to  be  a 
dark  garnet.  Whether  it  has  any  close  relation  to  the  gold  is  not  known.  Garnet  has  also 
been  found  at  the  Jones  tin  mine,  where  it  occurs  with  biotite,  tounnaline,  and  magnetite 
in  amphibolite  close  to  the  quartz  vein  which  carries  a  small  amount  of  gold.  The  re^jein- 
blance  in  this  case  to  the  occurrence  of  garnet  at  the  Lockhart  mine  in  Dahlonega  is  marked. 
It  is  reported  that  the  tourmaline-l)earing  quartz  veins  at  the  Faires  tin  mine  carry  gold. 

DESCRIPTION  OK  THE  ORE  MINERALS. 

Gold  occurs  in  all  the  deposits,  both  free  in  the  quartz  and  inclosed  in  pyritc.  At  the 
Haile  mine  it  also  occurs  closely  associated  with  molybdenite  in  heavily  pyritized  bands, 
and  at  the  Haile  and  Colossus  mines  as  thin  flakes  on  joint  planes,  probably  from  secondary 
deposition.  Crystalline  face^  have  not  been  seen.  Grains  of  large  size  are  not  now  abun- 
dant, but  the  size  of  nuggets  which  have  been  found  in  the  placers  indicates  that  they  have 
been  present  in  portions  of  the  deposits  now  eroded  away. 

Pyi'ite  is  the  most  abundant  of  the  ore  minerals.  It  occurs  as  large  and  small  masses, 
both  well  crystallized  and  of  irregular  form.  It  is  about  equally  important  in  the  quartz 
veins  and  in  the  altered  wall  rock;  in  some  places  it  constitutes  a  cx)nsiderable  proportion 
of  each.  When  crystallized  it  occurs  most  commonly  as  cubes;  pyritohedrons  are  frc^ 
quently  seen,  and  in  many  cases  minute  octahedrons  are  abundant.  Limonite  is  a  common 
decomposition  piodiict  of  the  pyrite,  and  a  yellowish -green  powder  which  results  in  some 
cases  limy  bo  ferric  sulphate.  In  a  few  places  the  pyrito  on  decomposition  leaves  cavities 
partly'  fill(»d  with  crystalline  native  sulphur/'  Mr.  Buddell,  foreman  of  the  Brown  mine, 
informed  the  writer  that  he  ha^  broken  open  large  solid  masst\s  of  unstained  (|uartz  and 
found  cubical  cavities  containing  nothing  but  siilplnu'.  Thes(^  always  came  from  alK>ve 
the  water  level.  Below  the  water  level  many  of  the  cavities  contained  a  j^ellow  liquid 
(ferric  salt  0  and  a  small  amount  of  bright  pyrite  in  fine  grains,  but  no  sulphur.  The  con- 
ditions under  which  these  processes  of  oxidation  took  j)lace  were  apparently  unusual.  At 
the  Colossus  mine  much  of  the  pyrite  is  decomposi'cl  below  water  level,  presumably  by 
ferric  solutions  or  by  sulphuric  acid,  and  not  by  direct  oxidation. 

Pyrrhotite  is  not  plentiful.  It  occins  both  in  the  vein  filling  and  in  the  replac^^ment 
bodies,  much  of  it  intergrown  with  pyrite  and  chalcopyrite.  Chalcopyrite  is  likewise 
rather  unconnnon,  and  occurs  in  the  veins  and  in  the  wall  rocks.  At  the  Mary  mine  it  is 
fully  as  abundant  as  pyrite.  Covellite  and  chalcanthite  are  decomposition  prinlucts  of 
the  chalcopyrite,  and  at  the  Mary  mine  red  coatings,  which  are  probably  cuprite,  result 
where  the  sulphide  is  partially  decompos<Hl.  Enargite,  present  in  small  crystals  in  the 
ore  of  the  Brewer  mine,  also  decomposers  to  chalcanthite. 

Galena,  .sphalerite,  and  ars<»nopyrite  are  not  uiuisual  a.ssociates  of  gold.  The  arsenic, 
antimony,  bismuth,  and  tellurium  compounds  found  with  gold  at  the  Asbury  and  Kings 
Mountain  mines,  howevjT,  are  interesting  and  unconnnon  in  .such  relations.  Molybdenite 
in  (■los<^  as.sociation  with  gold  is  now  eonunonly  recognized,  llmenite  occurs  in  tiny  striated 
hit  lis  in  the  vein  (|uartz  of  the  Ferguson  mine.  Large  flattened  crystals  of  this  mineral  are 
rathei-  conmion  in  (|uartz  veins,  not  known  to  contain  gold,  in  the  vicinity  of  Home,  Chero- 
kee County,  S.  ('.     Irn'gular  grains  of  ilmiMiite  found  in  the  wall  rock  of  the  Brown  and 


o('obb,  Collior.  Sulphur  from  pvritein  iiatun's  laborutorv:  Jour.  Elisha  Mitchell  Sol.  See.,  vol.  11,  pt. 
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Schlegelmilch  mines  may  in  part  be  due  to  introduction  by  tbo  vein  solutions.  Hematite 
occurs  plentifully  in  bands  in  quartz  veins  which  have  not  been  shown  to  contain  gold.  It 
is  possible,  however,  that  they  are  related  to  the  gold  veins.  Magnetite  occurs  in  the  wall 
rock  of  a  quartz  vein  at  the  Jones  tin  mine  and  has  undoubtedly  been  formed  by  the  vein 
solutions.  This  is  another  hnk  between  the  Jones  vein  and  the  Dahlonega  veins,  in  which 
magnetite  crystallizes  with  the  quartz.  The  occurrence  of  cassiterite  at  the  Brewer  mine 
is  not^d  on  page  91. 

CONCLUSIONS. 

The  character  and  association  of  many  of  these  minerals  are  unusual  and  nearly  all 
indicate  that  the  deposits  are  of  deep-seated  origin,  having  been  formed  under  great  pres- 
sure and  at  high  temperature. 

DISTRIBUTION  OF  THE   GOLD. 
GENERAL  FEATURES. 

The  subject  of  the  distribution  of  the  gold  in  the  veins  and  in  the  replacement  bodies  is 
of  the  greatest  practical  importance.  It  is  regretted  that  information  on  this  point  is  so 
meager.  In  many  cases  development  has  not  been  sufficient  to  furnish  good  evidence, 
and  on  the  other  hand  deduction  from  the  form,  size,  and  position  of  stopes  is  not  satis- 
factory, for  they  indicate  the  distribution  of  only  such  ore  as  could  be  profitably  mined 
under  conditions  existing  at  the  time  they  were  made. 

It  may  be  said,  however,  that  the  distribution  of  gold  in  the  deposits  is  in  general  irreg- 
ular. Some  veins  or  ore  bodies  seem  to  be  of  fairly  constant  grade,  but  pockets,  pay  shoots, 
and  relatively  rich  lenses  within  the  mam  deposits  are  the  general  rule. 

In  the  veins  ore  shoots,  usually  of  rather  small  cross  section  and  of  steep  pitch,  afford  the 
most  profitable  places  for  exploration.  Where  the  veins  are  richest  the  surrounding  altered 
rock  likewise  generally  contains  most  gold,  but  everywhere  less  than  the  vein,  sto  far  as 
known.  Rich  ore  is  usually  ac<x)mpanied  by  much  pyrite,  but  there  are  numerous 
exceptions  to  this  rule. 

In  the  replacement  deposits  the  bodies  of  pay  ore  are  large  lenticular  or  ellipsoidal  masses, 
with  gradually  dwreasing  values  toward  the  exterior.  In  a  few  instances  the  change  from 
profitable  to  barren  ground  is  so  abrupt  that  the  deposit  may  be  said  to  have  a  wall.  Within 
the.s<i  large  bodies  the  value  is  not  uniform.  The  best  ore  generally  occurs  where  most 
siliciiication  has  taken  place,  and  this  also  in  many  cases  corres|X)nds  with  the  degree  of 
pyritization.  At  the  Haile  mine  comparatively  rich  ore  is  generally  found  in  those  places, 
among  others,  where  molybdenite  occurs  with  abundant  pyrite. 

The  cause  of  this  concentration  of  gold  in  certain  places  or  along  certain  lines  has  not  yet 
been  ascertained.  In  some  castas  it  is  believed  that  the  presence  of  cross  fissures  has  been 
influential,  but  definite  proof  can  not  be  brought  forward.  In  the  case  of  the  replacement 
deposits  at  the  Ilaile  and  Colossus  mines  it  has  generally  been  considered  that  the  diabase 
dikes  A'hich  cross  the  ore  bodies  have  been  the  controlling  factors  in  ore  deposition.  This 
subject  is  further  considered  under  "Genesis  of  the  deposits"  (p.  68),  but  it  may  here  be 
stpted  that  careful  examination  has  failed  to  reveal  any  genetic  connection  between  the 
diabase  and  the  gold.  Moreover,  the  fissures  through  which  the  diabase  dikes  were  later 
intruded  seem  probably  to  have  had  no  connection  with  the  original  deposition  of  the  gold. 

SECONDARY  ENRICHMENT. 

All  students  of  ore  deposits  recognize  that  several  of  the  metals  are  dissolved  by  surface 
waters  and  are  reprecipitatcd  in  the  upper  portions  of  the  deposits  by  the  process  commonly 
known  as  secondary  enrichment.  It  is  the  general  opinion,  however,  that  in  the  case  of  gold 
the  solubility  of  the  metal  is  so  slight  that  this  process  is  of  little  consequence  in  enrichment 
from  the  commercial  standpoint.    The  importance  of  secondary  enrichment  in  certain  gold 
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deposits  has  recently  been  advocated  by  Weed,a  and  the  consideration  of  the  subject  in 
this  place  seems  to  be  justified.  In  the  particular  case  of  the  Haile  mine,  moreover,  cer- 
tain facts  appear  to  point  rather  strongly  to  such  a  possibility;  and  in  anticipation  of  the 
detailed  description  of  the  mine  these  facts  will  be  presented,  so  far  as  they  bear  on  this  sub- 
ject. In  view  of  the  erosion  which  has  certainly  gone  on  since  the  formation  of  the  diabase 
dike^  it  is  unreasonable  to  suppose  that  any  secondary  enrichment  of  present  importance 
took  plac«  before  that  event.  Moreover,  the  facts  that  the  diabase  is  known  to  be  later 
than  the  deposition  of  the  original  ore,  and  that  most  of  it  is  in  a  fresh  condition,  make  it 
appear  probable  at  first  thought  that  secondary  enrichment  has  not  taken  place  to  any 
important  extent  since  the  intrusion  of  the  dikes.  It  is  true,  however,  that  the  diabase  is 
decidedly  altered  in  its  upper  part,  and  that  it  has  doubtless  been  protectexl  from  rapid 
decomposition  at  greater  depth  by  the  layer  of  clay-like,  fairly  impervious  material  pro- 
duced by  decomposition  on  the  top.  It  is  certain  that,  owing  probably  to  the  presence  of 
many  joints,  which  are  absent  in  the  diabase,  decomposition  and  oxidation  have  gone  on 
to  a  greater  depth  in  the  body  of  the  siliceous  ore  than  in  the  diabase.  The  absence  of  these 
joints  may  also  ac<*ount  for  the  absence  of  gold  of  secondary  deposition  in  the  diabase.  It 
should  be  borne  in  mind  that  the  idea  of  secondary  enrichment  is  now  applied  practically 
only  to  deposits  of  copper.  The  fairly  distinct  zones  of  different  mineral  composition  and 
strikingly  different  appearance  occurring  in  enriched  copper  deposits  have  unquestionably 
aided  greatly  in  the  recognition  of  the  presence  of  this  phenomenon.  But  the  much  simpler 
mineralogy  of  gold  affords  no  aid  in  this  respect. 

Furthermore,  the  changes  in  the  vertical  distribution  of  values  at  the  Haile  mine  are  not 
so  extreme  or  abrupt  that  they  forcibly  demand  an  explanation,  as  is  the  case  with  copper, 
for  example.  A  little  consideration  will  show  also  that  if  secondary  enrichment  of  gold 
should  take  place,  the  results  as  regards  vertical  distribution  of  values  might  differ  markedly 
from  those  commonly  ascribed  to  tliis  process.  For  example,  a  copper  deposit  which  has 
experienced  secondary  enrichment  may  be  divided  on  the  basis  of  richness  into  three  more 
or  less  distinct  zones — (1)  an  upper  impoverished  zonc^  from  which  most  or  all  of  the  copper 
has  In^on  leached:  (2)  an  intcrniediate  ricli  zone  in  which  the  copper  originally  above  has 
been  added  to  that  already  existing  in  the  primary  de}X)sit:  and  (3)  a  relatively  low  grade 
zone,  of  indefinite  downward  extent,  which  in  value  stands  intermediate  between  1  and  2 
and  which  represents  the  character  of  the  whole  deposit  originally.  Owing  to  the  extreme 
ease  with  which  copper  minerals  are  decomposed  and  the  (■o[)pt>r  taken  into  solution,  an 
instance  is  rarely  found  in  which  solution  and  rcprecipitation  at  a  lower  level  have  not  gone 
on  to  a  marked  extent,  unless  the  gangiie  and  the  surrounding  walls  have  been  so  imper- 
vious as  to  restrict  decomposition  to  the  up[)ennost  portion  of  the  deposit.  In  other  words, 
where  secondary  enrichment  of  copper  deposits  has  taken  place  apprctnably  it  has  reached 
a  rather  decided  degree.  With  gold,  on  the  other  hand,  the  cnsc  is  different.  The  metal 
is  so  slightly  soluble  that  currents  of  oxidizing  surface  waters  may  flow  around  it  and  reach 
and  decompose  minerals  far  below  without  appreciably  changing  the  relative  position  of  the 
gold.  But  some  solution  of  the  gold  is  undoubtedly  taking  place  and,  given  sufficient  time, 
during  which  the  process  continues,  the  gold  near  the  surface  mu.st  ultimately  be  dissolved 
and  carried  to  a  greater  depth,  where  without  any  question  it  will  be  precipitated,  most 
probably  by  sulphides  or  other  reducing  agents.  The  difference  between  the  l)ehavior  of 
gold  and  copper,  therefore,  is  largely  one  of  rate.  Since  the  process  in  the  case  of  gold 
requires  a  very  nuich  longer  time  to  accomplish  e<|ua]  results,  it  is  natural  to  expect  that 
intennediate  stages,  showing  less  marked  results,  will  be  more  commonly  encountered  than 
in  the  case  of  copper.  The  recognition  that  gold  is  dissolved  and  redeposited  to  a  slight 
ext<^nt  is  a  recognition  of  an  early  stage  in  this  process.  This  action  in  the  case  of  gold  is 
so  exceedingly  slow,  hcnvever,  that  it  mu.st  be  a  comparatively  rare  (H)mbination  of  condi- 
tions when  degradation  by  erosion  will  proceed  .so  slowly  that  concentration  of  gold  from 
higher  levels  may  become  an  imf>ortant  determinant  of  the  value  of  the  ore. 

oWeed,  AV.  II.,  The  enrichment  of  gold  and  silver  veins:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  30,  1900, 
pp.  423-448. 
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At  the  Haile  mine  the  ore  values  are  distributed  as  follows:  The  uppermost  portion  of  the 
deposits,  which  was  worked  as  placer  ground,  was  rich.  Below  this  surface  mantle  the 
values  have  decreased,  so  far  as  known,  rather  steadily,  although  ]x>ckct8  of  sulphide  ore  of 
lx>tter  than  average  grade  have  been  encountered,  probably  most  commonly  near  the 
boundary  of  general  decomposition.  The  limit  to  whi(rh  economic  mining  can  be  carried 
appears  to  l>ear  a  pretty  definite  relation  to  distance  from  the  surface,  and  that  distance  is 
not  great  and  reaches  not  very  far— ^usually  less  than  200  feet — below  the  hmit  of  complete 
oxidation.  Moreover,  thin  films  and  scales  of  pyrite  and  of  free  gold  have  been  found  in 
joint  cracks  which  give  every  appearance  of  having  been  formed  since  the  silicification  of 
the  rock  and  the  attendant  ore  deposition.  Thin  films  of  free  gold  are  commonly  found  on 
molybdenite  associated  with  heavy  pyrite  band^.  Finally,  it  is  certain  that  the  compara- 
tively plentiful  gold  which  was  found  at  the  surface  of  these  deposits  and  which  was  derived 
from  higher  portions  of  the  deposits  now  eroded  away  has  remained  in  that  place  undis- 
turbed for  a  long  period — in  fact,  ever  since  the  peneplanation  of  the  region,  which  probably 
took  place  as  early  as  Tertiary  time.  Erosion  at  these  places  has  been  almost  at  a  stand- 
still and  the  process  of  secondary  enrichment  of  the  deposits,  slow  as  it  is,  has  had  time  to 
be  effective.  The  writer  does  not  undertake  to  say  that  secondary  enrichment  has  had 
much  to  do  with  the  vertical  distribution  of  the  gold,  but  it  certainly  seems  possible  that 
it  has.  If  such  a  process  has  gone  on,  the  action  has  difTored  from  that  common  in  copper 
deposits,  inasmuch  as  the  copper  is  derived  largely  from  the  upper  portion  of  the  deposit  in 
situ,  while  the  gold  is  supposed  to  have  been  dissolved  mainly  from  gold  which  rested  upon 
what  was  then  the  surface  of  the  deposits  and  which  had  been  previously  concentrated  by 
mechanical  means  virtually  as  placers.     (See  pp.  74-75.) 

Whether  or  not  secondary  enrichment  has  taken  place,  the  present  ore  bodies  of  the 
Haile  mine  certainly  represent  original  loci  of  more  than  usual  concentration  of  the  gold 
in  the  deposits. 

VALUE  OF  THE  ORES. 

The  value  of  the  ores  is  of  course  dependent  on  the  distribution  of  the  gold.  Gold  is 
present  in  nmch  greater  quantity  than  the  amount  of  workable  ore  would  indicate.  In 
the  walls  of  the  veins  and  as  horses  and  outer  zones  of  the  large  replacement  bodies,  as 
well  as  within  many  veins,  there  is  nmch  material  carrying  gold  from  a  trace  up  to  the 
minimum  amount  for  which  mining  can  be  profitably  conducted.  Of  the  pay  ores  the 
values  vary  greatly,  depending  as  nmch  on  the  cost  of  winning  the  gold  as  on  the  absolute 
richness  of  the  ore.  Some  shoots  or  parts  of  shoots  have  been  found  which  carry  ore  valued 
at  several  hundred  dollars  per  ton.  The  Kings  Mountain  mine  had  some  very  rich  ore  and 
ore  of  high  grade  has  been  taken  from  the  Thompson  mine.  Small,  very  rich  pockets 
have  been  found  in  numerous  places.  The  ore  mined  from  the  fissure  veins  has  on  the 
whole  been  of  considerably  higher  grade  than  that  from  the  replacement  deposits.  This 
is  probably  due  both  to  the  concentration  along  narrow  zones  of  the  gold  which  the  solu- 
tions hold,  rather  than  dissemination  through  larger  masses,  and  to  the  fact  that  owing 
to  their  small  size  and  irregularity  in  form  and  richness  veins  can  not  be  profitably  worked 
when  Ix^low  a  certain  value;  while  the  largo  replacement  deposits,  of  more  regular  outline 
and  certain  value,  can  be  made  to  yield  a  profit  when  far  below  that  value  per  ton. 

The  ores  of  this  region  must  on  the  whole  be  classed  as  of  rather  low  grade.  While 
some  few  mines  may  always  have  raised  ores  of  good  value,  the  vein  mines  have  probably 
produced  ore  running  on  the  average  not  better  than  $8  to  $12  and  the  replacement  bodies 
have  averaged  from  $2  to  $12  or  $15,  the  value  of  the  ore  in  the  second  case  depending 
rather  on  the  extent  to  which  mining  was  carried  into  the  outlying  leaner  portions  of  the 
deposits  than  on  the  actual  amount  of  gold  present. 

The  values  occur  both  as  free  gold  and  in  pyrite.  It  is  certain  that  original,  native 
gold  has  Ixicn  depasited  from  the  vein  solutions  to  some  extent.  At  the  Blackmon  mine, 
for  instance,  l)olow  the  general  depth  to  which  surficial  alteration  has  reached,  the  greater 
portion  of  the  gold  occurs  free.  At  the  Haile  mine  also  some  of  the  free  gold  associated 
with  pyrite  and  molybdenite  was  perhaps  originally  deposited  as  such.    In  most  ' 
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however,  it  is  likely  that  the  gold  which  has  been  found  in  the  metallic  state,  both  in  the 
deposits  in  situ  and  in  the  placers,  has  been  liberated  from  pyrite  by  oxidation.  What- 
ever the  original  condition  of  the  gold  may  have  been  it  is  certain  that  nearly  all  the 
gold  occurring  in  the  oxidized  portion  of  the  deposits  has  been  found  in  the  metallic 
state,  and  that  as  the  proportion  of  sulphides  increased  the  amount  of  free  gold  has 
steadily  lessened.  To  judge  from  statements  of  the  value  of  these  decomposed  out- 
crops or  gossans  it  appears  that  they  were  decidedly  richer — in  some  cases  several  times 
richer — than  the  average  grade  of  sulphide  ore  below.  The  solution  and  carrying  away 
of  portions  of  the  vein  material,  leaving  the  gold  behind  in  consequently  increased 
proportions  by  weight,  have  been  responsible  for  much  of  this  added  value  which  the 
gossans  show.  It  is  probable,  also,  that  gold  from  overlying  portions  of  the  vein  has 
gradually  been  left  behind  as  the  other  lighter  constituents  were  eroded  away,  and  has 
settled  down  with  the  degradation  of  the  country.  This  last  kind  of  concentration  is  con- 
sidered more  exphcitly  in  connection  with  the  placer  deposits  (pp.  74-75).  In  spite  of  these 
two  explanations  of  the  greater  richness  of  the  upper  portions  than  those  found  below, 
it  is  difficult  to  rid  one's  mind  of  the  feeling  that  the  upper  portions  were  always  richer. 
For  this  belief,  however,  there  is  little  ground.  Probably  the  greater  proportion  of  the 
output  of  this  area,  exclusive  of  that  from  placers,  has  been  from  sulphides. 

The  fineness  of  the  gold  averages  about  0.900,  but  ranges  from  0.700  to  nearly  1.000. 
Silver  is  the  chief  ingredient  to  lower  the  fineness. 

Complaint  has  often  been  made  that  returns  from  shipments  to  southern  smelters  have 
not  agreed  with  the  actual  value  of  the  ore.  The  writer  comments  on  this  topic  only  to 
say  that  he  heard  of  no  case  where  careful,  systematic  sampling  was  done  by  the  shipper 
and  to  point  out  how  necessary  it  is  that  such  sampling  of  the  ore  be  done  in  order  to 
determine  its  average  worth  and  how  nearly  impossible  it  is  even  with  absolute  imparti- 
ality to  choose  from  a  lot  of  ore  one  or  a  few  specimens  which  really  represent  the  whole. 

OENESIS   OF   THE   DEPOSITS. 

In  the  preceding  soctiona  it  ha.s  been  assumed  tliat  these  gold  ores  have  resulted  from 
deposition  by  a(iucous  solutions.  This  assumption  is  so  completely  sustained  by  the  vast 
array  of  facts  available  botii  here  and  in  other  gold  regions  that  further  consideration 
need  not  hit  given  to  this  subject.  Grant<^d.  then,  tiiat  the  ores  have  Ijeen  deposited  by 
solutions,  the  factoi*s  which  enter  into  the  consideration  of  the  origin  of  the  ores  are  the 
nature  of  the  solutions,  tlieir  source,  and  the  manner  of  deposition  of  their  dissolved  yiate- 
rials. 

It  is  regretted  that  a  thorough  investigation  of  these  deposits  could  not  l)c  made.  The 
reconnaissance  character  of  the  examination  on  which  this  report  is  based  has  not  justi- 
fied the  devotion  of  such  detailed  and  thorough  study  in  the  office  and  laboratory  as  a  com- 
plete survey  would  demand.  Moreover,  while  the  deposits  deserve  careful  and  complete 
investigation  Ixnause  of  their  complexity^  for  that  very  reason  it  is  difficult  to  obtain  a 
fundamental  conipreiiension  of  their  character. 

(  HARACTER    OF   THE   SOLUTIONS. 

Witliout  numerous  analyses  showing  the  changes  effected  by  the  solutions  in  wall  rocks, 
much  concerning  the  natuR'  of  these  solutions  is  left  to  jissumption.  From  the  materials 
which  constitute  the  fissure  fillings,  however,  it  is  certain  that  silica  was  the  mast  abun- 
dant of  the  dissolved  substances.  Metallic  sulpliides,  chiefly  pyrite,  have  also  lx^en  impor- 
tant. The  conversion  of  feldspar  into  sericitc  and  of  amphibole  into  biotite  indicate  that 
potassium  has  U'en  taken  from  the  vein  .solutions  by  the  .surrounding  rocks  and  that  sodium 
has  IxMMi  arlrled  to  the  solutions.  The  production  of  the  micas  and  of  chlorite  may  mean 
that  the  .solutions  earned  aluminum.  A  small  amount  of  calcium  may  have  been  carried  by 
the  .solutions  to  form  the  apatite,  or  the  calcium  may  have  lx»en  derived  fmm  the  replaced 
rocks.  The  presence  of  such  oxides  as  ilmenite  and  possibly  hematite,  magnetite,  and 
cassiterite  point  to  conditions  ratlier  unusual  in  the  formation  of  gold  deposits.     Besides 


GOLD    DEPOSITS.  69 

the  commoner  sulphides  of  iron  and  copper,  small  amounts  of  arsenic,  antimony,  bismuth, 
and  molybdenum  sulphides  and  one  or  more  tellurides  were  present  in  some  cases.  Fluoi^ 
ine  and  probably  boron  were  contained  in  some  of  the  solutions.  A  little  phosphoric 
acid  was  present  and  allowed  the  formation  of  apatite.  There  is  little  or  no  evidence  that 
carl)on  dioxide  was  present. 

The  nature  of  these  materials  deposited  from  solution,  as  well  as  the  general  effect  on  the 
wall  HK^ks,  an  effect  resembling  that  produced  by  conta<tt  metamorphism,  points  to  the  con- 
clusion that  the  ore-bearing  solutions  were  concentrated  and  at  high  temperature.  The 
almost  entire  absence  of  banding  in  the  veins  and  the  widespread  effect  of  the  solutions  in 
the  replacement  deposits,  as  shown  by  the  large  size  of  these  deposits,  may  l)e  taken  as  addi- 
tional evidences  of  concentration  of  the  solutions. 

SOURCE  OF  THE  MATKRIALS. 

The  character  of  the  minerals  deposited,  the  metasomatic  action  on  the  surrounding 
rwks,  the  structure  of  the  veins,  and  the  amount  of  erosion  which  the  region  has  undoubt- 
edly suffered  since  the  deposits  were  formed  are  grounds  for  the  belief  that  the  ore  bodies 
now  exposed  were  formed  far  below  the  surface  of  that  time.  The  character  of  the  solu- 
tions, moreover,  points  not  only  to  deposition  at  high  temperatures  but  to  their  derivation 
far  below.  The  source  of  these  materials  was  therefore  at  greater  depth  than  their  place 
of  deposition,  and  the  solutions  were  at  even  higher  temperature  at  the  beginning  of  their 
upward  journey  than  when  the  dissolved  materials  were  precipitated. 

Such  extremes  of  depth  and  temperature  suggest  at  once  a  magmatic  origin  of  the  solu- 
tioas.  Such  an  origin  can  not  be  established  with  absolute  certainty,  but  a  number  of  facts 
appear  to  favor  it.  Granite  is  known  in  the  vicinity  of  many  of  the  mines.  TIow  large  a 
body  of  granite  exists  below  the  present  surface  it  is  of  course  impossible  to  say,  but  it  is 
probable  that  the  areas  exposed  are  small  parts  of  a  much  larger  mass.  The  absence  of 
granite  outcrops  inunediately  around  the  mines  does  not,  therefore,  preclude  the  possibility 
that  the  veins  or  solution  channels  reach  granite  somewhere  below. 

The  intimate  association  of  granitic  or  aplitic  dikes  with  the  quartz-tourmaline  veins  of 
the  thi  Iwlt  and  the  close  resemblance  in  many  respects  of  these  veins  to  the  gold-quartz 
veins  make  the  relation  of  the  gold  deposits  to  the  granite  rather  probable.  This  prob- 
ability was  so  apparent  and  the  resemblance  of  some  of  these  tourmaline  veins  to  the 
auriferous  veins  of  the  Lockhart  mine  in  Dahlonoga  was  so  marked  that  it  was  decided  to 
have  specimens  of  some  of  the  tourmaline  veins  assayed  for  gold.  Two  samples  were 
selected — one  from  the  (|uartz  vein,  which  occurs  close  to  the  aplitic  dike  at  the  Jones  mine, 
the  otiier  from  a  quartz-tourmaline  vein,  reported  to  be  auriferous,  near  the  pe^gmatite  dikes 
at  the  Faires  muie.  It  should  be  stated  here  that  the  specimens  tested  were  not  collected 
in  the  field  with  the  assay  in  view;  otherwise^  more  conclusive  results  might  have  been 
obtained.  Very  careful  assays  were  made  by  Me,ssra.  Ledoux  &  Co.,  of  New  York.o  The 
results  were  as  follows: 

No.  1.  Quartz  vein,  with  tourmaline,  Faires  mine,  0.0003  ounce  per  ton. 
No.  '2.  Quartz  vein,  with  pyrite,  Jones  mine,  0.0111  ounce  per  ton. 

No.  1,  from  the  Faires  mine,  is  of  course  valueless,  and  the  assay  doubtless  means  that 
no  gold  was  present  in  the  sample  submitt<Kl.     The  writer  is  inclined  to  believe,  however. 


a  The  method  used  in  these  determinations  is  here  quoted  from  a  letter  from  Ledoux  <&  Co.  to  the 
Director  of  the  Sur\'ey: 

"To  avoid  possible  contamination  or  saltuig  the  samples  were  ground  to  flour  flneness  in  porcelain 
pebble  mills,  which  had  been  cleaned  by  grinding  clean  quartz  In  them  for  several  hours,  followed  by  a 
charac  of  common  salt. 

"  The  pulp  from  the  pebble  mills  was  divided  into  lots  of  2  assay  tons,  each  of  which  were  run  sepa- 
rately by  crucible  assay.  In  the  case  of  *  8.  C.  No.  7 '  [No.  1]  eight  charges,  making  16  assay  tons,  were 
made,  and  in  the  case  of '  S.  C.  No.  42 '  [No.  2]  nine  charges,  making  18  assay  tons,  were  made.  In  each 
case  all  of  the  sample  was  used. 

"  The  buttons  from  the  crucible  assays  were  united  and  scorified  to  a  size  suitable  for  cupellation. 
An  excess  of  silver  (20  mg.)  was  added  to  the  scoriflers  for  the  purpose  of  preventing  cupel  losses  of  the 
gold.  .  .  .  The  silver  beads  obtained  were  parted  and  washed  in  the  usual  way,  and  the  gold  weighed 
on  a  balance  sensitive  to  one  four-hundredth  mg. 

"Charges  of  flux  equal  in  weight  to  those  used  on  the  ores  were  run  through  contemporaneoaaly  with 
them  and  treated  in  ezMtly  the  lame  way,  bat  no  yiiible  amount  of  gold  was  obtained  In  the  blanks." 
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that  a  specimen  selected  for  that  purpose  would  have  proved  more  satisfactory.  No.  2 
indicates  that  gold  is  certainly  present  in  the  quartz  vein  at  the  Jones  mine.  While  23 
cents  per  ton  is  of  course  very  little,  it  must  be  remembered  that  it  is  not  a  negligible 
amount,  since  50  to  60  cent  ore  has  been  mined  in  California  and  some  of  the  ore  now  being 
milled  at  the  Brewer  mine  is  said  to  be  not  much  above  50  cents. 

The  fact,  therefore,  that  some  of  these  tourmaline-quartz  veins,  which  are  almost 
undoubtedly  of  magmatic  origin — derived  from  the  granite  magma — carry  gold  is  a  strong 
argument  in  favor  of  their  being  an  intermediate  stage  in  one  complete  cycle,  and  fairly  well 
establishes  the  relation  of  the  gold  deposits  of  the  region  to  the  granite.  It  may  be  noted 
here  that  the  gold  defK)sits  of  Dahlonega  are  believed  by  Mr.  Lindgren  to  have  a  genetic 
relation  to  a  granite  similar  to,  if  not  actually  the  same  as,  that  occurring  in  this  region. 

In  conclusion,  it  may  be  said  that  while  the  source  of  the  solutions  can  not  be  definitely 
proved,  the  weight  of  evidence  favors  the  view  that  the  gold  deposits  represent  the  final 
products  of  the  granite  tnagma,  the  concentration  of  certain  elements  from  an  immense 
body  of  rock.     The  full  geologic  sequence  is  therefore  doubtl&ss  as  follows: 

1.  Intrusion  of  granite. 

2.  Intrusion  of  granitic  or  aplitic  dikes  causing  the  development  of  biotite  and  amphibole 
in  their  wall  rocks. 

3.  Intrusion  of  pegmatite  dikes,  some  of  which  carry  cassiterite,  impregnate  the  sur- 
rounding rocks  with  tourmaline,  and  cause  the  development  of  biotite  and  other  meta- 
morphic  minerals  in  their  walls. 

4.  Formation  of  quartz  veins  carrying  tourmaline,  ilmenite,  sulphides,  etc.,  and,  in  some 
cases,  gold,  causing  in  their  wall  rocks  the  development  of  tourmaline,  magnetite,  biotite, 
garnet,  ilmenite,  and  sulphides. 

5.  Formation  of  quartz  veins  (and  replacement  deposits)  carrying  ilmenite,  sulphides, 
and  gold,  and  causing  in  the  surrounding  rocks  the  development  of  fluorite,  biotite,  sericite, 
ilmenite,  sulphides,  and  gold. 

It  is  noros.sar\'  to  consider  more  fully  at  this  point  a  subject  to  which  reference  has 
already  been  made  -nariu^ly,  the  relation  of  some  of  the  large  replacement  bodies  to  the 
diabase  dikes  which  rut  them.  In  former  descriptions  of  the  Ilaile  mine  it  has  repeatedly 
been  stated  that  the  ore  l>odiea  were  caused  by  the  dikes  of  diabase,  which  occur  in  their 
midst.  The  same  has  l)cen  said  of  the  Colossus  mine,  where  similar  conditions  exist,  and 
as  an  explanation  of  the  fonimtion  of  ore  at  the  Brewer  mine  it  has  l)een  stated  that  a  dia- 
base dike  occurs  close  by.  Particular  attention  was  given  to  testing  this  hypothesis, 
especially  at  the  Hailc  mine.  The  statements  that  the  ores  at  this  mine  are  richer  in  the 
vicinity  of  the  dikes  are  frequent  and  fairly  consistent.  It  is  often  stated,  on  the  other 
hand,  that  the  richest  ore  is  not  immediately  siUTounding  the  dike,  but  at  a  distance  of 
several  feet.  This  riclmess  in  the  neighborhood  of  the  dikes  may  be  accounted  for  in  four 
ways: 

1.  The  ore  may  be  the  result  of  the  intrusion  of  diabiise,  as  commonly  stated. 

2.  The  deposition  of  the  ores  from  the  win  solutions  may  have  been  influenced  by  solu- 
tions from  a  different  source  (hat  were  present  in  the  fissure  later  occupied  by  the  dike. 

3.  Secondary  enrichment,  which  was  possibly  a  factor  in  the  present  distribution  of  the 
gold,  may  have  been  especially  cfTective  along  the  fissures  at  the  sides  of  the  dike^. 

4.  The  unequal  distril)ution  of  the  gold  may  be  in  no  way  related  to  the  dike  or  to  the 
fiasure  occupied  by  it. 

Thest^  possibilities  will  \ye  considered  in  order. 

1.  If  the  diabase  and  the  ore  are  genetically  related,  they  came  from  the  same  source  and 
through  the  same  channel. 

Development  work  outside  the  main  ore  lenses  indicates  the  presence  of  no  more  gold 
or  other  materials  of  the  ore  at  the  contact  of  or  near  the  dike  than  is  found  away  from  it. 
Ik)tli  in  and  outside  of  the  ore  lK>die,s  the  only  visible  effect  which  the  diabase  has  had  on 
the  surrounding  rock  is  a  slight  induration  extending  an  inch  or  two  from  the  dike.     Where 
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deoompoeition  through  weathering  has  taken  place  along  the  sides  of  the  dike,  a  zone  of 
alteration  is  present  and  is  characterized  by  the  softness  of  the  rock,  formation  of  limonite, 
and  development  along  joints  of  minute  crystals  of  gypsum.  But  this  has  nothing  to  do 
with  the  dike  itself.  Moreover,  the  diabase,  with  the  exception  of  atmospheric  decompo- 
sition, is  perfectly  unaltered  where  it  cuts  either  the  ore  bodies  or  the  barren  rock.  Little 
or  no  pyrite  is  present  and  no  evidence  of  the  action  of  vein  solutions  is  seen.  Such  condi- 
tions would  be  almost  impossible  if  the  diabase  were  as  old  or  older  than  the  ore.  The 
distribution  of  the  ore  bodies  with  respect  to  the  dikes  argues  strongly  against  this  hypoth- 
esis. Instead  of  being  parallel  to  the  dikes,  as  would  be  expected  according  to  this  supposi- 
tion, they  occur  only  at  intervals,  separated  by  lean  or  barren  spaces,  and  have  their  long 
directions  transverse  to  the  dikes.  The  ore  body  at  the  Colossus  mine  is  said  to  extend 
several  hundred  feet  away  from  the  dike  on  each  side.  In  the  Haile  mine  some  of  the  best 
ore  has  l)een  found  at  a  considerable  distance  from  the  dikes.  The  writer  is  not  aware 
that  the  ore  is  richer  near  the  dikes  at  the  Colossus  mine;  and  at  the  Brewer,  mining  has 
not  been  conducted  along  or  on  the  dike,  if  indeed  a  dike  is  present.  Finally,  the  ore  body 
at  the  Colossus  mine  is  said  to  be  faulted  along  an  unsheared  diabase  dike,  showing  that 
the  dike  is  later  than  the  ore.  There  is  also  evidence  of  a  fault  in  the  vein  along  a  diabase 
dike  at  the  Wallis  mine  in  York  County,  S.  C. 

At  the  Ilaile  mine,  furthermore,  several  narrow,  decomposed  diabase  dikes,  called  by  the 
miners  "cluy"  dikes,  arc  cut  by  and  are  consequently  older  than  the  large  dikes  which 
are  commonly  considered  to  have  brought  in  the  ore.  It  would  be  natural  to  expect, 
therefon),  that  these  small  older  dikes  would  be  converted  into  ore  like  the  surrounding 
tuffs,  or  at  least  would  show  some  effect  of  the  ore-bearing  solutions.  But  all  the  evidence 
obtainable  indicates  that  these  older  dikes  are  themselves  younger  than  the  ore.  Neither 
where  most  decomposed  nor  in  the  fresh  cores,  which  can  be  found  here  and  there,  is  more 
than  a  trace  of  pyrite  present,  and  these  traces  are  not  ore — so  far  as  the  writer  is  aware 
they  carry  no  gold  whatever,  even  where  in  the  midst  of  a  large  ore  body. 

It  is  apparent,  therefore,  that  all  these  diabase  dikes  are  younger  than  the  ore,  and  had 
no  connection  with  its  formation. 

2.  Several  facts  argue  against  the  theory  that  increased  deposition  of  ore  was  caused 
by  different  solutions  contained  in  the  fissures  now  occupied  by  the  dikes,  at  their  inter- 
section with  the  ore-bearing  channels.  Outside  the  ore  bodies  there  is  no  evidence  of  the 
action  of  solutions  along  these  dike  fissures  except  the  slight  induration  caused  by  the 
dikes  and  the  later  decomposition  which  has  gone  on  in  some  places.  The  distribution 
of  the  rich  portions,  as  noted  in  (1),  is  likewise  against  this  supposition.  Moreover,  if  these 
cross  fissures  existed  when  the  ore  was  formed,  the  ore  would  naturally  extend  along  them 
for  at  least  a  short  distance  beyond  the  general  limits  of  the  ore  body,  but  such  is  not  the 
case,  and  the  fissures  now  occupied  by  the  dikes  are  probably  of  later  formation  than  the 
ore.  P'inally,  it  is  an  unwarranted  assumption  that  a  fracture  existing  in  pre-Cambrian 
time,  the  probable  date  of  vein  formation,  should  still  be  a  prominent  plane  of  weakness 
when  the  diabase  was  intruded,  probably  in  Jura-Triassic  time. 

3.  Kven  if  it  is  granted  that  there  has  been  secondary  enrichment  of  the  deposits,  the 
relation  of  the  ores  to  the  dike  fissures  is  not  decidedly  marked  and  the  tenor  of  the  ore 
remains  fairly  constant  for  such  distances  away  from  these  fissures  that  it  seems  improbable 
that  they  have  exerted  much  more  influence  in  the  enrichment  of  the  ore  than  have  other 
fractures,  crevices,  and  joints. 

If  it  is  true,  as  sometimes  stated,  that  the  ore  within  a  few  feet  of  the  dikes  is  of  lower 
grade  than  that  a  little  farther  away,  it  is  possible  that  leaching  of  the  gold  has  taken  place 
along  the  decomposed  zones  bordering  the  dikes  and  that  secondary  deposition  has  gone 
on  below.    There  is  no  satisfactory  evidence  of  such  phenomena,  however. 

4.  The  only  alternative  remaining  is  that  the  ore  deposition,  preceding  the  formation 
of  the  dike  fissures,  is  in  no  way  related  to  them.  The  only  places  where  increased  rich- 
ness in  the  vicinity  of  the  dikes  has  been  noted  is  where  the  dikes  cut  across  about  the  mid- 
dle of  the  ore  body.    But  that  is  just  the  place  where  a  replacement  deposit  is  apt  to  be 
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richest.  The  fact  that  in  some  cases  the  ore  bodies  pitch  away  from  and  leave  the  dikes 
ought  to  be  good  proof  that  the  ore  deposition  was  independent  of  the  dikes  and  dike 
fissures. 

DEPOSITION  OF  THE  ORES. 

In  the  consideration  of  this  subject  also  the  lack  of  analyses  prevents  the  drawing  of 
accurate  and  valuable  conclusions.  It  has  been  shown  that  the  ore-bearing  solutions  were 
probably  under  greater  pressure  and  at  higher  temperature  near  their  source  than  at  the 
place  of  deposition.  A  ready  explanation  of  the  cause  of  deposition  would  be  that  the 
decrease  in  pressure  and  temperature  lowered  the  solubility  of  the  materials  carricKl  in  solu- 
tion and  thus  resulted  in  their  precipitation.  It  has  been  pointed  out  by  Mr.  Lindgren,a 
however,  that  in  general  increasing  temperature  and  pressure  do  not  increase  the  solubility 
of  ore  minerals  beyond  certain  maxima,  and  that  consequently  the  effect  of  decreasing 
pressure  and  temperature  on  the  deposition  of  ore^  has  probably  been  overe^imated.  It 
is  certain,  on  the  other  hand,  that  these  changing  conditions  must  have  had  some  effect  on 
the  deposition  of  the  ores,  but  there  is  no  evidence  by  which  to  measure  it. 

It  is  believed  by  the  writer  that  the  deposition  of  the  ores  was  brought  about  mainly  by 
a  change  in  composition  of  the  relatively  concentrated  solutions.  This  change  in  compo- 
sition would  disturb  the  nic«  equilibrium  which  had  l)een  attained,  and  cause  a  decrease 
in  solubility  and  consequent  precipitation  of  some  or  all  of  the  constituents.  Such  a 
change  in  composition  of  the  solutions  might  be  brought  about  in  any  or  all  of  three  ways: 
First,  change  in  conditions  of  temperature  and  pressure.  Tliis  would  have  some  effect, 
probably  not  very  great.  Second,  mingling  with  solutions  from  another  source,  such  as 
atmospheric  waters  along  cross  fissures  or  channels.  The  intersection  of  such  channels 
with  the  ore^bearing  fissures  may  have  fixed  the  location  of  extraordinary  deposition,  the  pay 
shoots.  While  the  vein  solutions  were  doubtless  under  greater  pressure  than  that  which 
would  be  due  to  hydrostatic  head,  it  is  conceivable  that  solutions  from  the  surface,  which 
would  be  under  hydrostatic  head  only,  might  mingle  with  them  in  spite  of  this  difference 
of  pressure,  through  the  agencies  of  friction,  capillarity,  and  diffusion.  Third,  the  mutual 
chemical  reaction  of  the  solutions  and  the  surrounding  rocks.  The  subtraction  of  silica, 
potash,  and  possibly  alumina  from  the  solutions  and  the  addition  to  them  of  soda  and  lime, 
which  have  taken  place  in  nearly  or  quit<^  all  cases,  would  exert  a  very  pronounced  influ- 
ence on  the  solubility  of  the  remaining  substances  and  cause  their  precipitation.  It  is 
believed  that  this  third  factor  was  the  most  important  in  the  deposition  of  the  ores. 

The  gold  and  sulphides  in  the  veins  have  probably  l)een  precipitated  in  part  mechanic- 
ally with  the  quartz  and  in  part  chemically.  These  heavy  metals  have  also  l)een  carried 
with  the  silica  and  lighter  metallic  elements  into  the  wall  rocks  ancl  there  deposited,  though 
less  abundantly  than  in  the  fissures. 

It  has  l)een  stated  (p.  61)  that  the  fissure  veins  and  the  replacement  deposits  probably 
had  the  same  origin.  The  o(x*urrence  of  similar  minerals  in  the  two  types  of  deposits 
and  the  presence  of  dep<jsits  of  intermediate  character  sustain  the  conclusion  that  the 
nature  of  the  solutions  and  the  source  of  the  materials  were  the  same  in  each  case. 

In  the  mode  of  deposition  of  these  materials  from  the  solutions  must  lie  an  explanation 
of  the  differences  which  exist  lx»tween  the  two  cla.sses.  Briefly  stated,  these  differences  are 
as  follows:  The  fissure  veins  are  narrow  and  relatively  rich;  they  effect  a  very  marked 
change  in  their  wall  rocks  for  a  short  distance  away  from  them ;  they  occur  in  dense,  usually 
basic  rocks,  already  rendered  resistant  through  profound  regional  metamorphLsm.  The 
replacement  deposits  are  large  and  irregular;  they  consist  of  altered  country  rock,  and  they 
occur  in  porous  volcanic  rocks  of  acidic  character,  easily  susceptible  to  alteration. 

The  ore-l)earing  solutions,  a.scending  at  a  high  degree  of  concentration  and  temperature, 
would,  on  confinement  to  a  narrow  fissure,  be  able  to  exert  intense  action  on  the  immedi- 
ately adjoining,  not  easily  pervious  wall  rock.  The  same  solutions,  reaching  a  body  of 
porous,  easily  alterable  material,  would  immediately  disseminate  through  it,  distributing 

o  Gold-quartz  voliis  of  Nevada  Citv  and  Grass  Valley  districts,  California:  Seventeenth  Aim.  Rept. 
U.  S.  Geol.  Survey,  pt.  2,  1896,  pp.  17t-178,  183. 
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their  heat  and  chemical  enei^  through  a  lar^  mass  of  rock.  Such  a  dissipation  of  enei^ 
in  the  replacement  bodies  would  account  for  the  lower  intensity  of  alteration  in  them  than 
in  the  wall  rocks  of  the  fissure  veins.  The  difference  in  chemical  composition  of  the  wall 
rocks  in  the  two  cases  would  explain  the  mineralogical  differences  in  the  two  types  of 
depositj^. 

This  hypothesis  assumes  that  the  rock  invaded  by  the  solutions  was  at  a  lower  tempera- 
ture than  the  solutions.  The  solutions  from  lower  depths  and  probably  from  the  vicinity 
of  recent  intrusions  can  hardly  have  failed  to  transfer  heat  to  the  places  of  ore  deposition 
more  rapidly  than  could  be  accomplished  by  conduction  from  the  same  source  through 
the  rocks. '  The  possibility  that  secondary  enrichment  has  modiOed  the  original  deposition 
of  the  ores  has  already  been  referred  to  (pp.  65-66). 

CONCLUSIONS. 

The  gold  deposits  of  this  area  are  of  two  types — fissure  veins  and  replacement  deposits — 
with  transitional  members  between  these  two  extremes  of  the  series.  Concentrated  solu- 
tions containing  gold,  silica,  potash,  sulphides,  and  oxides  of  iron  and  titanium  ascended 
from  great  depth  at  high  pressure  and  temperature.  In  the  denser  rocks  they  forced  their 
way  along  crevices,  forming  veins,  at  the  same  time  exerting  so  marked  metasomatic  action 
on  the  walls  of  these  fissures  that  the  result  bears  resemblance  in  many  ways  to  the  effect 
of  contact  metamorphism.  Gold,  pyrite,  ilmenite,  and  other  materials  were  deposited  in 
the  veins  and  in  the  wall  rocks.  In  the  more  porous  rofks  the  solutions  permeated  large 
masses  and  replaced  the  original  rock  fragments  by  quartz,  sericitc,  gold,  pyrite,  apatite, 
etc.  The  mineralogical  differences  in  these  two  types  of  deposits  are  due  to  the  differences 
in  chemical  composition  of  the  rocks  invaded  by  the  solutions  and  to  the  different  degrees 
of  concentration  of  action  of  the  solutions.  The  source  of  the  ore  materials  was  at  great 
depth  below  the  surface  of  that  time,  but  of  unknown  distance  below  what  is  the  present 
surface.  It  seems  certain  that  the  vein  solutions  are  genetically  connected  with  the  gran- 
ite intrusions,  representing  the  final  product  of  the  granite  magma  and  bearing  close  rela- 
tion to  the  tourmaline-quartz  veins  and  the  pegmatite  dikes  carrying  tin,  which  were  formed 
immediately  preceding  the  formation  of  the  gold  veins.  The  deposition  of  these  materiab 
was  probably  due  partly  to  decrease  of  pressure  and  temperature  attained  by  the  passage 
to  a  higher  level,  but  was  doubtless  caused  mainly  by  a  disturbance  of  the  nice  equilibrium 
of  solubility  and  concentration  by  the  accession  of  substances  dissolved  from  the  wall  rock. 

These  deposits  differ  markedly  from  the  common  western  type  of  gold-quartz  veins. 
From  the  amount  of  erosion  which  has  taken  place  since  their  formation,  as  well  as  from 
the  character  of  the  deposits  themselves,  it  is  certain  that  they  represent  the  deeply  buried 
stumps  of  quartz  veins  which  originally  extended  much  higher.  Whether  or  not  the  upper 
portions  of  these  veins,  now  eroded  away,  more  closely  resembled  the  typical  gold-quartz 
vein  it  is  impossible  to  say. 

The  numerous  nuggets  of  large  size  found  in  the  placer  deposits  may  be  an  indication 
that  the  upper  eroded  portions  of  the  veins  were  richer  than  those  portions  now  known. 
The  ore  has  become  too  lean  to  be  profitable  or  has  pinched  out  at  depths  not  exceeding 
400  or  ,500  feet  in  so  many  cases  that  this  may  be  considered  the  general  occurrence. 

It  may  therefore  be  that  an  uneven  zone  not  many  hundred  feet  below  the  present  sur- 
face represents  the  lower  limit  of  the  gold — namely,  the  place  of  beginning  of  deposition. 
It  is  extremely  doubtful,  however,  if  the  difference  of  conditions  in  this  distance  of  a  few  hun- 
dred feet — a  very  slight  distance  compared  with  the  original  vertical  extent  of  the  depos- 
its— could  have  caused  so  great  a  result.  It  is  possible  instead  that  ore  exists  far  below 
the  present  surface,  but  that  the  individual  bodies  of  pay  ore  known  at  present  give  out 
at  comparatively  small  depths,  to  be  succeeded  farther  down  by  other  and  still  other  ore 
bodies.  Thus,  while  the  ore  may  persist  with  depth,  it  is  by  no  means  certain  that  mining 
operations  will  succeed  in  finding  the  lower  ore  bodies.  If  secondary  enrichment  has  had 
any  marked  influence  on  the  value  of  the  ore,  the  prospects  for  lai^  bodies  of  workable 
ore  occurring  at  depth  are  not  bright 
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AOE  OF  THE  DEPOSITS. 

Concerning  the  geologic  age  of  the  gold  deposits  little  direct  evidence  is  obtainable. 
The  deposits  were  formed  after  the  greatest  metamorphic  movements  had  ceased,  but  the 
crushing  and  slight  faulting  which  some  of  them  have  experienced  indicate  that  they  did 
not  escape  all  movement.  It  seems  probable  that  movements  which  did  affect  them  were 
the  last  agents  of  dynamic  metamorphism.  This  supposition  is  supported  by  the  one  that 
the  gold  deposits  closely  followed  the  granite  intrusions.  The  ore  bodies  are  cut  by  the 
diabase  dikes,  which  are  probably  of  Jura-Triassic  age.  All  available  evidence  points  to 
pre-Cambrian  as  the  probable  age  of  the  deposits. 


It  is  said  that  the  gravels  of  nearly  all  the  streams  of  this  area  yield  **  colors  **  of  gold  when 
panned.  Where  the  gold  is  sufficiently  abundant  these  placer  or  "branch"  deposits  have 
been  worked,  often  with  profit.  In  the  early  da3rs  discrimination  was  not  always  made 
between  the  true  placers  and  the  loose,  decomposed  outcrops  of  deposits  in  place. 

While  placers  have  been  of  importance  in  this  portion  of  the  South,  most  of  the  placer 
mining  was  done  in  the  early  days  of  the  gold  excitement,  and  information  is  not  easily 
obtained  at  present.    The  location  of  only  a  few  of  these  deposits  is  now  known. 

A  deposit  from  which  much  gold  was  taken  was  called  the  Martin  or  Enterprise  mine, 
and  is  situated  about  1  mile  southwest  of  Smyrna  station,  in  York  County.  The  placer  is 
said  to  have  been  discovered  about  1836,  and  most  work  was  done  before  the  war  along  a 
shallow  stream  which  has  been  '' washed '^  several  times.  It  is  said  that  the  workable 
gravels  had  an  areal  extent  of  4  acres  .a  Much  gold  has  also  been  picked  up  from  the 
nearby  fields  after  rains.  It  is  reported  that  a  nugget  worth  $44  and  numerous  others  of 
less  value  have  been  found  at  this  mine,  and  Lieber  states  that  a  piece  of  quartz  contain- 
ing 4,000  pennyweights  of  gold  was  found  in  the  gravels. &  One  man  took  out  $40,000 
before  the  war,  according  to  report.  It  is  stated  that  a  gold-bearing  vein  occurs  close 
to  the  crock,  and  pits  liave  been  sunk  there,  hut  at  tlie  time  of  the  writer's  visit  no  indi- 
cation of  a  vein  was  seen.     The  last  work  here  was  done  four  or  five  years  ago. 

Much  work  wtis  done  in  the  early  days  at  tlie  Brewer  mine  in  what  is  known  as  the  Tan- 
yard  pit.  This  was  probably  the  first  placer  in  the  State.  It  is  several  hundred  yards 
from  the  hard-rock  workings  and  occupies  a  very  sliglit  depression  below  the  surface  of 
the  peneplain,  although  a  sliort  distance  away  is  a  rather  deep  stream  valley,  c 

A  little  work  has  recently  been  done  a  few  miles  south  of  GafTney,  S.  C,  but  has  not 
proved  .successful.  Washing  is  being  done  on  a  small  scale  in  a  stream  near  the  West 
mine.  The  Belk  placer,  in  Lancaster  County,  east  of  Lanca.ster,  the  Austin  placer  near 
Gaffney,  and  numerous  others  were  being  or  had  been  operated  at  the  time  Lieber  wrote 
his  reports. f'  Small  nuggets  have  been  picked  up  in  the  fields  in  many  places,  often  not 
near  any  stream  or  (le])rossion  nor  in  thv  neigh tx)rhood  of  any  known  deposit  in  place. 

Two  featun^s  concerning  these  placer  deposits  are  woithy  of  note.  The  first  point  is  the 
riclmess  of  some  of  the  placei-s  when  compared  with  th(^  usual  low  grade  of  the  hard-rock 
deposits.  In  tlu*  .second  place,  depasits,  some  of  them  rich,  of  waterwom  gold  have  not 
uncommonly  been  found  on  elevations  and  divides  away  from  and  above  present  streams 
or  valleys.  This  fact  was  oV)served  as  early  as  1825  by  Professor  01msted,«  and  it  is  stated 
by  Li(»b<»r  that  these  placer  deposit^s  conmionly  (x-cur  on  the  foot-wall  side  of  the  near-by 
vein  or  hard-rock  deposit./ 

From  these  facts  two  conclusions  may  be  drawn — namely,  that  the  present  streams  have 
not  been  the  only  factor  in  the  concentration  of  the  gold  and  that  much  of  the  gold  has  l)een 


o  Liobcr,  op.  cit.,  vol.  1,  pp.  7'>-76;  vol.  3,  pp.  154,  157. 

6  Op.  cit.,  vol.  1,  p.  76. 

f  Cl.  Lieber,  op.  cit.,  vol.  1,  pp.  6('Mi7:  vol.  3,  p.  157. 

d  Op.  cit,,  vol.  1 ,  pp.  7G-77;  vol.  2,  p.  71 . 

«  Am.  Jour.  Sci.,  1st  rot.,  vol.  9, 1825,  p.  13. 

/  Op.  cit.,  vol.  1,  pp.  157-158. 
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derived  from  portions  of  the  vdns  which  wore  once  above  the  present  peneplain  level 
(cf .  pp.  12-14)  and  owes  part  of  its  concentration  to  the  old  streams  which  accomplished  this 
planation  and  are  now  extinct. 

In  the  discussion  of  the  tin  placers  it  was  shown«that  as  the  surface  of  the  land  was 
gradually  lowered  by  erosion  from  pre-Oambrian  time  to  the  present  the  heavy  resistant 
minerals  were  left  behind  in  such  depressions  as  existed,  constituting  placer  deposits.  In 
the  case  of  cassiterite  the  friability  and  solubility  of  the  mineral  probably  allowed  most  of 
this  accumulation  to  be  carried  away  when  the  rate  of  degradation  became  very  slow. 
With  gold,  on  the  other  hand,  its  toughness,  high  specific  gravity,  and  resistance  to  ordi- 
nary solvents  allowed  such  amounts  of  it  as  had  accumulated  to  remain.  In  other  words, 
it  seems  probable  that  the  placer  deposits  of  this  region  represent  concentration  of  the  vein 
gold  from  that  vast  amount  of  material  which  has  been  eroded  away  since  the  veins  were 
formed.  The  finer  particles  of  gold  have  probably  been  carried  away  mechanically  and  the 
coarser  grains  have  doubtless  been  slightly  reduced  in  size  by  solution,  but  a  large  proportion 
of  the  content  of  the  hard-rock  deposits  between  the  present  and  the  original  surfaces  is 
probably  now  in  the  placers.  This  hypothesis  would  account  for  the  comparative  richness 
of  the  placers.  The  redistribution  of  streams  on  the  revival  of  drainage  after  base-leveling 
explains  the  independence  of  present  topography  which  some  of  the  deposits  show. 

MDmrO  DXYELOPKENTS. 
GENERAL  STATEMENT. 


Mining  has  been  going  on  in  this  region  for  seventy-five  years,  and  much  work  has 
been  done.  The  effort  has  been  expended  at  many  places,  however,  and  there  are  no 
extensive  mines  in  the  area.  A  few  mines,  nevertheless,  by  a  comparatively  small  amount 
of  development  work,  have  opened  up  large  ore  bodies  on  which  extensive  open  cuts  or 
stopos  have  becm  made.  The  deepest  working  in  the  area  is  at  the  Hailc  mine,  where  a 
winze  extends  130  feet  below  the  bottom  or  350-foot  level.  The  Kings  Mountain  mine  is 
about  350  feet  deep  and  the  Colossus  about  320  feet.  Other  mines  having  considerable 
workings  are  the  Brewer  and  Blackmon,  and  it  is  said  that  there  has  been  a  relatively  large 
amount  of  underground  development  at  the  West  mine. 

METnODS  OF  MINING. 

The  methods  employed  to  obtain  the  ore  from  the  deposits  are  varied  in  character. 
The  placers  were  worked  by  panning,  rocking,  and  sluicing;  so  far  as  known  hydrau- 
licking  has  be«n  practised  in  this  area  only  at  the  old  Tanyard  placer  at  the  Brewer 
mine.  The  same  methods  were  applied  to  the  decomposed  upper  portions  of  many 
of  the  deposits  in  place,  sometimes  in  conjunction  with  crushing.  When  solid  rock 
was  encountered,  development  was  carried  on  by  means  of  shafts  and  levels.  In  general, 
the  flat  character  of  the  country  does  not  make  tunnels  advantageous.  One  has  been 
driven  at  the  Brewer  mine,  however.  Vertical  shafts  are  much  more  common  than  inclines, 
although  numerous  inclines  were  sunk  oA  the  veins  or  on  the  ore  shoots  in  the  early  days. 
The  interval  between  levels  is  usually  small,  but  ranges  from  30  to  over  100  feet. 

In  the  largo  replacement  bodies  the  best  ore  was  mined  by  stopes  from  underground 
workings.  In  the  best  practice  levels  turned  from  the  shaft  were  run  along  the  hanging 
wall  of  the  ore  body  and  at  intervals  raises  were  driven  to  the  level  above.  The  ore  thus 
blocked  out  was  broken  by  overhead  stoping,  pillars  and  level  floors  and  roofs  being  left  to 
hold  the  workings  intact.  When  the  levels  were  no  longer  needed,  these  pillars  could  be 
taken  out.  This  method  of  mining  was  succcssfuUy  employed  for  many  years  at  the  Haile 
mine  by  the  manager,  Capt.  Adolph  Thies.  An  ingenious  means  of  driving  the  raises 
economically  was  put  in  practice  at  that  mine  and  well  deserves  description.  The  steep 
dip  of  the  ore  body  made  it  necessary  either  to  drive  steep  raises  or  to  drive  them  partly  in 
barren  ground,    llie  latter  was  not  feasibki  and  the  former  necessitated  timbering  for  the 
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support  of  workmen  and  drills.  It  was  found  that  in  a  raise  driven  at  an  angle  of  about  45P 
the  broken  rock  would  just  serve  as  a  foundation  from  which  to  work.  The  raises  were 
therefore  started  from  the  levels  at  the  hanging-wall  side  of  the  ore  body  and  driven  upward 
at  45°  diagonally  across  the  deposit.  When  the  foot  wall  was  reached  ^e  raise  was  turned 
to  the  right  or  loft,  first  along  the  foot  wall,  then  toward  the  hanging  wall,  and  finally  back 
again  toward  the  foot  wall,  always  being  pointed  upward  at  45®.  A  spiral  raise  was  thus 
driven,  all  in  ore  and  without  the  use  of  timber.  The  cost  of  increased  length  of  the  raise 
was  more  than  balanced  by  the  saving  in  timber. 

As  the  l)etter  grades  of  ore  in  these  deposits  were  exhausted  it  became  apparent  tbat  the 
shaft-level  method  of  working  when  applied  to  the  larger  surrounding  bodies  of  lower- 
grade  ore  would  necessitate  timbering  and  become  too  expensive.  Since  the  woridngs 
were  not  very  deep,  it  was  found  possible  to  extract  the  low-grade  ore  and  take  out  the 
higher-grade  pillars  by  means  of  open  cuts.  This  method  is  now  being  used  at  the  Haile 
and  Brewer  mines,  has  been  used  at  the  Blackmon  mine,  and  it  was  announced  as  the  int^'-n- 
tion  of  the  management  to  put  it  in  operation  at  the  Colossus  mine.  No  timber  is 
required  and  the  rock  can  be  broken  by  quarrying  methods.  The  result  is  that  although 
in  some  cases  considerable  barren  ground  has  to  be  broken,  especially  from  the  hanging 
wall,  the  cost  of  mining  is  greatly  reduced.  At  the  Haile  the  ore  is  hoisted  in  skips 
running  on  inclined  tracks  laid  on  the  foot  wall.  At  the  Brewer  a  tunnel  connects  with 
the  bottom  of  the  pit  or  open  cut  and  the  ore  is  trammed  out  through  it. 

The  depth  to  which  open-cut  mining  can  be  carried  with  profit  will  of  course  depend  on 
the  strength  and  firmness  of  the  walls,  the  size  of  the  deposit,  and  whether  it  stands  ver- 
tically or  dips  beneath  the  surrounding  rock. 

METHODS  OP  EXTRACTION. 

The  methods  of  extraction  of  placer  gold  have  already  been  mentioned  un4er  the 
head  "  Methods  of  Mining.'*  The  same  applies  to  the  gossans  of  many  veins.  Hard  rock 
containing  frt»e  gold,  either  original  or  derived  from  oxidation  of  sulphides,  is  generally 
stamped  and  anmlgajnated.  Sulphide  ores  containing  also  native  gold  are  in  most 
cases  stampi'd,  anmlganiated,  and  concentrated,  the  concentrates  being  either  shipj)cd 
for  smelting  or  else  chlorinated  or  cyanided  on  the  spot.  At  the  Ferguson  mine  amalga- 
mation has  Uhui  discarded  and  the  stamp-inlll  pulp  is  concentrated,  the  headings  saved  for 
roasting,  and'tlio  tailings  cyanided.  At  the  Colossus  mine  a  500-ton  mill  nearlv  completed 
will  crush  the  ore  in  rolls  to  .'50  mesh  and  then  cyanide  direct.  Both  weak  and  strong 
solutions  will  probably  lx>  used.  At  the  Haile  mine  stamping  of  the  ores  is  followed  by 
amalgamation  of  the  free  gold,  while  the  concentrates  are  treated  by  the  barrel-chlorination 
process,  which  was  invented  by  Captain  Tliics,  the  former  manager  of  the  mine,  and  which  is 
now  in  successful  oj)eration  in  the  West,  particularh'  on  the  ores  of  Cripple  Creek,  and  also 
in  Australia.     The  same  methods  have  l)een  employed  at  the  Brewer  mine. 

Throughout  the  area  nuicli  difhculty  hn.s  been  exix'rienced  in  extracting  the  gold  from 
sulphide  ores  by  amalgamation,  even  when  a  considerable  proportion  of  the  values  is  free 
gold.  From  what  can  W  learned  of  these  operations,  it  .seems  probable  that  nuich  of  this 
lack  of  success  may  be  attributed  to  lack  of  experience  in  the  stamp  milling  of  ores.  Just 
the  right  combination  of  weight  and  drop  of  stamp,  height  of  discharge,  size  of  .scieen,  and 
amount  of  water  seems  in  many  ca.st»s  to  have  l)een  missed,  and  in  consequence  the  tailings 
were  rich. 

It  is  doubtfjil  if  the  ores  of  this  area  can  \)o  successfully  treated  without  concentration, 
roasting,  and  subsecjuent  lixiviation  of  the  sulphides. 

COSTS  OF  J'RODUCTION. 

Little  satisfactory  information  could  be  obtained  on  the  .subject  of  costs,  as  the  mining 
companies  are  rather  reticent  about  it.  Labor  and  fuel  are  low  in  price  and  all  kinds  of 
operations  can  be  carried  on  during  almost  the  whole  year.  Pumping  has  to  bo  done  in 
nearly  all  the  mines,  but  the  quantity  of  water  is  not  excessive. 
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At  the  Brewer  mine,  where  loose,  sandy  ore  is  milled  down  into  cars,  trammed  to  the  mill, 
nm  through  stamps  to  insure  imiform  fineness,  and  then  amalgamated,  it  is  said  that  the 
total  cost  is  under  60  cents  per  ton.  These  operations,  however,  can  be  carried  on  only  for 
a  short  time  before  ore  of  this  character  will  \ie  exhausted,  so  the  al)ove  figures  have  little 
significance.  At  the  Blackmon  mine  underground  stoping  of  a  large  ore  body  is  going  on, 
the  ore  being  stamped  and  amalgamated.     It  is  said  that  $2  ore  gives  a  fair  profit. 

Accurate  account  is  kept  of  all  expenses  at  the  Haile  mine.  Here  large  ore  bodies,  well 
developed,  are  mined  by  open  cuts,  the  ore  Ls  stamped,  amalgamated,  and  concentrated,  and 
the  concentrates  are  roasted  and  chlorinated.  Considerable  development  work,  particu- 
larly with  diMnond  and  chum  drills,  is  being  done.  For  the  last  two  years  the  total  cost  of 
these  operations  has  been  under  $1 .60  per  ton  of  ore  mined.  This,  it  will  be  admitted,  is 
exceedingly  low. 

HAILE   MINE. 

The  Haile  (formerly  called  Haleo)  mine  is  situated  on  Lynches  Creek,  3 J  miles  northeast 
of  Kershaw,  in  the  southern  part  of  Lancaster  County,  S.  C.  It  is  the  property  of  the  Haile 
Gold  Mining  Company,  of  New  York  City.    ' 

HISTORY  AND  PRODUCTION. 

This  mine  has  been  worked  more  or  less  continuously  since  about  1830  and  during  all  that 
time  has  been  one  of  the  most  important  mines  of  the  region.  In  early  days  leasee  were 
given  on  sections  50  feet  square,  and  open  cuts  were  made  on  these  claims  by  slave  labor. 
This  was  of  course  disastrous  to  systematic,  economic  mining.  The  upper,  oxidized  portions 
of  the  ort^  l)odies  were  rich  and  some*  of  them  yielded  lumps  of  gold  worth  from  $300  to  $500. ft 
Except  during  war  time,  open  cutting  was  carried  on  until  about  1880,  when  nctual  under- 
ground niininsr  wps  begun  and  continued  up  to  about  four  years  ago.  A  return  to  the  open- 
cut  system  has  Ix^en  made,  on  a  nmch  larger  scale  than  formerly.  This  mine,  said  to  bo  the 
only  steady  dividend-paying  gold  mine  in  the  Southern  Appalachians,  owes  its  success  in 
recent  years  very  largely  to  the  intelligence  and  persistent  efforts  of  Capt.  Adolph  Thies, 
who  for  nearly  twenty  years  was  it,s  manager.  Mr.  E.  A.  Thies,  his  son  and  the  present 
manager,  is  following  the  same  policy. 

Spilsburyc  gives  the  production  of  the  Haile  mine  up  to  1883  as  over  $1,250,000,  and  it 
has  lx»cn  said  that  the  pnxliiction  since  that  time  has  been  about  $2,000,000,  making  the 
evstiinatcd  total  production  about  $3,250,000.  As  the  company  is  a  close  organization,  the 
amount  of  dividends  paid  is  not  known. 

DEVELOPMENT. 

The  development  of  the  Haile  mine  consists  of  a  number  of  shafts,  with  drifts  and  cross- 
cuts, and  of  three  large  open  cuts.  (Sec  fig.  8.)  The  deepest  shaft  is  the  No.  4  shaft  of  the 
Cross  workings,  350  feet  deep,  with  levels  at  depths  of  200,  270,  and  350  feet.  The  bottom 
of  the  No.  2  shaft  connects  at  the  200-foot  level.  The  drifting  from  these  two  shafts 
amounts  probably  to  3,500  feet.  A  130-foot  winze  has  been  sunk  from  the  350-foot  level, 
east  of  the  No.  4  shaft.  An  old  shaft  at  the  lieguelin  workings  is  about  180  feet  deep  and 
has  two  levels  aggregating  about  1,200  feet.  No.  5  shaft,  to  the  west  of  No.  4,  is  100  feet 
deep,  with  short  levels  at  60  and  100  feet.  The  Chase  Hill  shaft  is  also  about  100  feet  deep. 
Then>  is  a  60-foot  shaft  on  Red  Hill,  northeast  of  the  Cross  workings. 

The  principal  open  cut  is  the  Haile  pit,  about  250  feet  long  and  200  feet  wide  by  180  feet 
deep.  A  diabase  dike  crosses  the  middle  of  this  cut  and,  being  bant<n,  has  been  left  in 
place  to  serve  as  a  pillar.  On  the  east  side  of  this  dike  open  cutting  was  carried  down  about 
100  feet  and  then  the  cut  was  filled  with  waste.  The  west  side,  called  the  new  Haile  pit,  is 
IxMng  worked  at  present  at  a  depth  of  180  feet,  a  chute  connecting  to  a  short  intermediate) 
level  at  185  feet,  and  thence  to  the  200-foot  level  of  the  No.  2  shaft,  where  the  ore  is  hoisted. 


a  Liel>er,  op.  cit.,  vol.  1,  p.  60. 

b  Lieber.  op.  cit.,  vol.  1,  p.  62.    Lakes,  A.,  Mines  and  Minerals,  vol.  21, 1900,  p.  56. 

e  Trans.  Am.  Inst.  Mln.  £ng.,  vol.  12, 1884,  p.  102. 
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The  Bumalo  cut,  300  foet  long  and  100  feet  wide,  lies  jnst  east  of  the  HaOe  cut.  It  is  about 
100  feet  deep,  but  is  connected  and  practically  continuous  with  large  underground  stopes 
which  reach  below  the  270-foot  level.  The  Beguelin  cut,  1,500  feet  northwest  of  the  Haile 
cut,  consists  essentially  of  two  pits,  about  120  foet  deep,  separated  by  a  wide  dike  of  diabase. 
The  eastern  pit  is  200  feet  long  by  about  125  feet  wide;  the  west  pit  is  about  120  feet 
square.  Considerable  prospecting  has  been  done  by  diamond  drills  and  well-driUing 
machines,  of  which  a  fuller  description  Ls  given  on  page  86. 

Among  the  surface  developments  may  be  mentioned  a  narrow-gage  steam  tramway  con- 
necting mines  and  mills,  a  60-stamp  amalgamation  and  concentration  mill,  and  a  barrel- 
chlorination  mill,  in  addition  to  shaft  houses,  office  buildings,  etc. 


4.**^**  Diabase 


Barren  quartz  vein 


Scale  effect 

O  500 


Fio.  8.— Ski'U'h  mnp  showing  l(x;atlon  of  the  principal  ore  bodies  of  the  llailo  mine, 
pit;  B,  Old  llailo  pit;  C,  Bumulo  pit;  2>,  Beguelin  pit. 


A,  New  llailo 


The  geology  of  the  llailo  mine  has  often  been  described,  but  seldom  in  detail.  Becker  a 
and  Nitzo  b  give  the  best  (]os<M'iptions.  The  country  rook  is  a  quart z-serioite  schist  and  is 
descriljod  potrographioally  on  pages  15-16.  The  microscope  shows  it  to  have  been  derived 
by  foliation  from  a  por])hyry  tufT,  probably  granite  porphyry  tuff  or  quartz-monzonitc 
porpliyry  tuff.c  TJioso  tulFs  wore  well  bedded  and  this  structure  is  preserved  in  some 
places.  About  300  foot  northeast  of  the  chlorination  mill  the  tramway  cut  exposes  the  tulT 
very  plainly  bedded  in  thin  layers  wliioh  on  decomposition  have  assumed  different  colors, 
causing  the  banding  to  appear  prominently.  At  this  particular  spot  the  rock  has  suffered 
only  slight  foliation,  so  that  althougli  it  possesses  a  recognizable  fissility  the  banding  has 
been  scarcely  disturlxHl.     Tiny  cubical  cavities  lined  with  limonite  indicate  that  pyrite  wae 

a  Gold  fields  of  the  Southern  Appalachians:  Sixteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3, 1895,  pp. 

t>  Bull.  North  rarolina  (Jeol. Survev  No.  10, 1897,  pp.  125-126. 
cGf.  Becker,  loc.  fit. 
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once  present.  On  the  60-foot  level  of  the  No.  5  shaft  the  same  rock  is  seen  in  an  unoxidized 
state.  It  is  light  gray  in  color,  fairly  soft,  and  exceedingly  well  bedded,  so  that  thin  layers 
can  be  separated  from  it.  Under  the  microscope  it  is  found  to  be  somewhat  siliciBed  and 
pyritized.  Remains  of  original  bedding  are  easily  recognizable  in  very  siliceous  ore  from 
certain  parts  of  the  Haile  and  Beguelin  cuts. 

This  tulT  is  composed  of  fragments  of  almost  microscopic  size.  The  assortment  is  nice, 
larger  grains  of  quartz,  feldspar,  or  mica  being  only  rarely  present,  and  it  is  in  consequence 
natural  to  conclude  that  those  are  water-laid  deposits.  In  this  place  in  the  No.  5  shaft 
some  masses  have  almost  entirely  escaped  shearing  and  the  banding  is  perfect.  From  this 
extreme  can  be  traced  every  gradation,  through  areas  showing  a  slight  disturbance  of  the 
bands  and  those  in  which  remains  of  the  banding  is  barely  visible  to  dense  rock  with  marked 
fissility  or  foliation  and  no  indication  of  original  bedding.  In  all  places  where  bedding  has 
been  observed  the  foliation  due  to  subsequent  movement  has  been  in  general  parallel  to  the 
original  bedding  planer.  Minor  local  exceptions  occur,  the  schistosity  being  oblique  to  the 
bedding.  In  several  such  instances  the  rock  has  a  decided  foliation  across  the  bedding  and 
yet  the  movement  which  produced  this  foliation  was  of  so  slight  an  amplitude  that  it  requires 
a  second  look  to  be  sure  that  the  beds  are  faulted  at  all.  Foliation  or  fissility  is  as  well  pre- 
served in  some  of  the  silicified  ore  as  in  the  less  altered  schist,  but  in  general  the  soft  sericitic 
rocks  possess  much  more  decided  schistosity  than  the  dense  siliceous  ores. 

Of  the  few  feldspar  fragments  which  can  im  identified  with  certainty,  no  further  classifica- 
tion can  be  made.  Alteration  has  in  most  cases  changed  the  feldspar  fragments  into  sericite. 
When  the  rock  has  been  foliated  this  fibrous  mica  gives  a  silvery  luster  to  the  cleavage  sur- 
faces and  has  led  to  the  application  of  the  name  talc  schists  to  these  rocks.  As  a  matter  of 
fact,  these  rocks  do  not  contain  talc,  as  has  been  pointed  out  by  Nitze,a  who  cites  the  follow- 
ing analyses  by  Baskerville: 

Analyses  of  quartz-sericite  schist  from  the  Haile  mine. 


SiOi. 
AhO, 
FcO. 
CaO. 
MgO. 
MnO. 


'■ 

2. 

44.61 

61.02 

31.57 

25.54 

3.55 

4.46 

.20 

.60 

.22 

.14 

.16 

Na,0 
KfO. 
H,0. 


6.96 
6.97 
5.80 


100.04 


2.10 
1.81 
4.20 


99.96 


The  difference  in  these  two  analyses  is  probably  not  to  be  attributed  to  initial  dissimilarity 
of  the  rocks,  but  rather  to  the  fact  that  the  fairly  unaltered  sericite  schist,  represented  by 
analysis  No.  1,  has  been  silicified  to  the  extent  shown  by  No.  2.  This  silicification,  which 
can  be  well  represented  by  specimens  and  thus  studied  under  the  microscope,  proves  gener- 
ally to  correspond  in  intensity  with  the  amount  of  foliation,  although  in  the  case  of  extreme 
silicification  traces  of  former  structure  have  been  quite  destroyed  and  the  rock  is  simply  a 
massive,  siliceous  "  homstone.*'  Pyrite  is  a  common  constituent  of  all  these  phases  of  rock 
and  in  a  general  way  corresponds  in  amount  with  the  degree  of  silicification.  This  conclu- 
sion is  reached  only  after  microscopic  study,  for  in  the  soft,  le«»  siliceous  schists  the  pyrite 
occurs  in  crystals  of  a  size  readih'  detected  by  the  eye,  while  in  the  hard  silicified  rocks  it  is 
present  in  abundance,  but  in  such  exceedingly  minute  crystals  that  they  appear  small  even 
under  a  high  power.  These  schists  strike  N.  40°  to  60°  E.  and  dip  from  45**  to  80°  NW. 
(See  PI.  V.) 

Massive  granite,  similar  to  that  in  the  tin  belt  farther  west,  is  exposed  about  2  miles 
noi-thea.st  of  the  mine  and  may  occur,  covered  by  soil  and  sands,  at  a  considerably  less 
distance. 


a  Bull.  North  Carolina  Oeol.  Survey  No.  3, 1806,  p.  34. 
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Several  dikes  uf  diabase  close  to  the  mine  workings  strike  north-northwesterly  across  the 
foliation  of  the  scliist.  (Sec  map,  fig.  8.)  These  are  approximately  vertic4J.  A  small 
decornpoaod  diabase  dike  east  of  the  Bumalo  pit  has  a  northerly  strike  and  a  steep  dip  to  the 
east,  and  a  narrow  dike  of  diabase,  also  decomposed,  exposed  in  the  Bcguclin  cut,  is  parallel 
to  the  foliation  of  the  surrounding  rocks.  (Sec  PI.  VI. )  In  the  description  of  the  ore  bodies, 
these  dikes  will  Ix}  referred  to  and  designat'ed  by  their  width,  which  is  given  on  the  map.  In 
the  Haile  pit ,  as  has  been  said,  the  ore  has  been  mined  away  from  the  27-foot  dike,  leaving  it 
standing  up  as  a  part  ition  between  the  two  sides  of  the  pit.  In  the  new  pit  a  aide  fully  1^  feet 
square  is  exposed  ( PI .  I V) .  Near  the  surface  this  exposure  affords  a  good  example  of  the  for- 
mation of  residual  soil.  In  the  lower  portion  the  dike  has  an  uneven  wall,  the  surface  being 
billowed  and  looking  shriveled  or  folded,  much  like  an  elephant's  skin.  The  larger  irregulari- 
ties are  rudely  parallel  corrugations  and  indicate  the  dip  of  the  inclosing  schists.  The  appear- 
ance^ of  the  dike  suggests  that  it  was  intruded  when  the  surrounding  rocks  were  in  a  plastic 
condit  ion,  which  certainly  was  not  the  case.  Along  the  walls  of  these  diabase  dikes  the  miners 
find  a  layer  of  soft,  muddy  material  which  they  term  a  "  binder, "  and  which  doubtless  repre- 
sents an  outer  zone  of  decomposition.  This  binder  is  removed  at  the  same  time  as  the  ore. 
It  may  be  that  the  varying  thickness  of  this  decomposed  portion  has  caused  the  irregularities 
in  the  surface  of  what  remains,  but  if  that  is  the  case  it  is  difficult  to  understand  why  these 
irregularities  correspond  with  the  dip  of  the  schist.  It  seems  more  prol>able  that  the  frac- 
ture through  which  the  molten  diabase  came  was  influenced  by  the  structure  of  the  rocks  in 
which  it  formed  and  hence  did  not  develop  along  a  perfect  plane,  but  as  an  undulating  crack. 
A  pi*trographic  descriptitm  of  the  diabase  of  the  region  is  given  on  page  23. 

Where  crosscuts  and  drifts  penetrate  these  dikes  away  from  the  ore  bodies,  there  is  little 
alteration  of  the  quartz-sericite  schist  at  the  contact  with  the  diabase.  The  schist  is  baked 
or  hardened  h  little  for  a  few  inches  from  the  dike  and  shows  a  slight  sheeting  parallel  with 
and  close  to  the  dike.  Surface  waters  have  l)een  able  to  follow  the  crevice  between  dike  and 
schist  and  have  oxidized  both  rocks  to  a  small  extent.  The  diabase  has  usually  suffered 
most  in  this  respect.  Siiiall  crystals  of  gj'psum  occur  in  the  joints  of  both  rocks  where  this 
oxidation  has  been  moderate.  Where  the  dikes  cut  the  silicified  schist  of  the  ore  bodies,  the 
changes  which  they  cause*  are  even  less  marked  and  are  practically  neghgible.  Tliero  is  no 
noticeable  ditrerence  in  the  character  of  the  diabase  where  it  cuts  the  barren,  unsilicified 
schist  and  wlierc  it  breaks  throuj^h  tlie  silicified  rock  of  the  ore  l)odies. 

»  IIARA*  TER   A.N1»   Ol  (  URRENCE   OF  THE   ORE. 

The  (>n>  lM)dies  of  the  lUile  mine  typify  the  clas.'^  of  replacement  deposits  previously 
de-scrilxHl.  They  consist  of  larg<*  lenses  of  altered  tuff  which  has  been  subjected  to  certain 
changes  in  composition.  This  altenition  is  of  comparatively  simple  nature,  consisting 
mainly  of  a  silicMfication  and  pyritizatiou  of  the  porous  tuffs.  In  most  cases  thc«e  two 
pnx'esscs  ap|KMir  to  have  gone  on  sitnultaneously,  so  that  although  the  pyritc  is  the  mineral 
which  carries  the  givater  portion  of  the  gold,  the  degree  of  silicification  usually  corresponds 
so  clost^ly  to  the  degree  of  pyritization  that  it  is  conmionly  aceepted  as  a  rough  measure  of 
the  richness  of  the  on*.  Soft,  unsilicified  schist  is  an  unwelcome  discovery,  while  rock  so 
silicified  that  it  will  strike  lire  under  the  hanuneris  always  looked  on  as  a  favorable  indi- 
cjition.  In  general,  the  distribution  of  these  n^placing  minerals  is  fairly  uniform,  producing 
a  hard,  bluish  ore,  usually  with  a  lustrous  fracture,  due  to  the  sericite,and  containing  dis- 
seminated pyrite,  of  which  much  is  too  fine  in  grain  to  Ix*  readily  seen.  Under  the  micro- 
scojK*  this  ore  is  seen  to  consist  mainly  of  small  polygonal  grains  of  quartz  with  swarms  of 
minute  [lyrite  crystals,  both  cuImvs  and  (Ktahedrons, scattered  all  through;  sericite  shreds 
and  occjLsional  fragments  (»f  biotite  and  remnants  of  a  feldspar  individual  occur  between 
the  (jnartz  grains.  The  nwk  which  has  suffered  most  intense  silicification  is  a  fine-grained 
aj«2:r"egate  of  ([uartz  and  pyrite.  with  sparing  fibers  of  sericite. 

llen^  and  there  the  n*placenient  of  the  original  rock  has  not  gone  on  evenly.  Light- 
colored  veinlets,  occurring  either  singly  or  in  numtx'rs,  closely  spaced,  probably  represent 
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SIDE  OF  DIABASE  DIKE  EXPOSED  IN  THE  HAILE  PIT. 


Major  corrugations  represent  dip  of  ore-bearing  rock  which  has  been  mined  away.     Vertical  streaks  due  to 

water  stains. 
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very  narrow  fractures  which  allowed  an  especially  ea^y  passage  for  the  solutions  and 
consequently  the  extreme  silicification  of  the  adjoining  rock.  In  a  few  instances  these 
crevices  have  been  wide  enough  to  allow  the  deposition  of  quartz  filling  in  addition  to  the 
replacement  which  has  occurred  along  the  walls.  A  few  of  these  quartz  veins  are  outside 
the  limits  of  the  ore  bodies  and  nearly  all  of  them  carry  little  or  no  values.  It  is  possible 
that  they  were  fonned  a  little  later  than  the  general  silicification  which  produced  the  ore 
bodies.  A  large,  worthless  vein  of  this  sort  outcrops  strongly  back  of  the  stamp  mill,  and 
is  shown  in  fig.  8.  A  smaller  vein  or  lens,  practically  barren,  is  encountered  in  the  Bumalo 
cut. 

There  are  likewise  places  where  the  deposition  of  pyrite>  has  been  especially  marked, 
producing  masses  which  in  some  cases  are  nearly  solid  sulphide.  These,  too,  are  usually 
tabular  in  form,  but  can  not  be  definitely  referred  to  fractures,  as  can  the  quartz  veins. 
Bodies  of  this  kind,  rich  in  pyrite,  associated  with  molybdenite  (heretofore  assumed  to 
Im?  graphite)  and  carr>'ing  gcxxl  gold  values,  occur  near  the  hanging  wall  of  the  Haile  ore 
body  in  the  new  Ilaile  pit.  The  molybdenite  occurs  especially  along  narrow  parallel  bands 
in  the  pyrite  and  shows  the  effect  of  sliding  motion,  or  slickensides.  Gold  occurs  free  on 
^  these  smooth  surfac-es  of  the  molybdenite  in  excessively  thin  flakes,  which  seem  to  have 
been  deposited  before  motion  ceased.  Pyrrhotite  occurs  sparingly  in  some  of  the  Beguelin 
ore.  An  irregular  bunch  of  pyrite,  said  to  contain  a  considerable  proportion  of  zinc,  but 
only  a  small  amount  of  gold,  was  found  at  the  northeast  end  of  the  Beguelin  pit,  at  a  depth 
of  about  75  feet. 

Gold  occurs  in  throe  conditions  in  the  Haile  ores — native  gold  as  originally  deposited, 
free  gold  derived  from  the  oxidation  of  inclosing  pyrite,  and  gold  in  the  pyrite.  In  either 
of  the  first  two  states  the  gold  can  usually  be  recovered  by  amalgamation,  although  the 
gold  freed  by  oxidation  is  sometimes  "rusty,"  i.  e.,  covered  with  a  thin  film  of  resistant 
material,  perhaps  iron  oxide,  which  protects  the  gold  from  the  mercury  and  thereby  pre- 
vents amalgamation.  In  the  unaltered  pyrite  only  a  small  proportion  of  the  gold  is 
attacked  by  mercury  and  another  process  is  required  in  order  to  save  the  values. 

There  is  possibly  still  another  way  in  which  the  gold  occurs.  Some  specimens  from  the 
Beguelin  cut,  now  in  the  Ilaile  office,  show  thin  flakes  of  gold  in  narrow  cracks  or  joints  in 
blue  unoxidized  rock.  These  specimens  give  the  impression  that  the  gold  has  been  carried 
and  dej)osited  in  these  crevices  by  solutions  later  than  the  original  ore  solutions — probably 
by  surface  waters  which  have  obtained  the  gold  by  dissolving  it  from  the  original  ore. 
Thin  she<»ts  of  pyrite,  many  of  them  with  a  radial  structure,  occur  similarly  in  narrow  cracks 
and  likewise  suggest  secondary'  deposition.  The  free  gold  as.sociated  ^ith  molybdenite 
may  also  have  been  deposited  in  this  way.  It  has  been  impossible  to  determine  whethei 
or  not  secondary  enrichment,  i.  e.,  solution  from  upper  portions  and  redeposition  at  a 
lower  level,  has  actually  taken  place;  but  the  possibility  that  such  has  been  the  case  seems 
rather  strong  and  has  already  l)een  considered  on  pages  65-67. 

Broken  pyritic  ore  lying  exposed  to  the  air  very  readily  undergoes  oxidation,  with  the 
production  of  so  much  sulphuric  acid  that,  to  save  the  plates  from  injury,  such  ore  is  not 
amalgamated,  but  sent  to  the  concentrators  direct.  In  this  case  a  narrow  string  of  the 
liberated  free  gold  leads  the  headings  down  the  Wilfley  tables.  Oxidation  underground 
is  also  proceeding  rapidly,  and  in  nearly  every  drift  iron-laden  waters  are  depositing  layers 
of  limonite.  The  comparatively  small  amount  of  water  which  the  mine  makes  is  held  at 
the  3o0-foot  level  by  pumping. 

VALUE  OF  THE  ORE. 

The  Ilaile  is  essentially  a  low-grade  mine.  Although  rich  nuggets  have  been  found  in 
the  decomposed  upper  portions  of  the  ore  bodies,  as  already  mentioned,  and  these  upper 
portions  as  a  whole  doubtless  held  good  values,  the  great  bulk  of  the  ore  has  been  of  so  low 
a  grade  that  the  utmost  care  has  been  demanded  in  the  extraction  of  the  gold  to  make  the 
operations  profitable. 
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In  1883  tho  average  value  of  the  ore,  which  had  been  mined  doiivn  to  a  depth  of  75  feet, 
was  estimated  at  about  $11  per  ton.a  In  1887  the  values  were  said  to  average  $5  to  $10, 
with  $6  aa  a  fair  mean.b  By  1900  $4  was  considered  to  be  the  average  gold  content.  <"  At 
the  present  time  it  is  probable  that  the  average  value  of  the  ore  that  goes  to  tho  inill  is 
little  if  any  above  $3  per  ton. 

This  marked  decrease  in  value  may  be  attribut<^d  to  several  causes.  In  tho  first  place, 
there  can  be  little  doubt  that  tlie  actual  richness  of  the  deposit  has  steadily  decreased  from 
the  surface  down.  Second,  instead  of  mining  along  certain  rich  places  or  zones,  as  was 
done  in  tho  e^rly  days,  with  resulting  irregular  workings,  the  mining  now  takes  eveiy thing 
as  it  comes,  rich  and  low  grade  alike,  down  to  a  certain  limit  of  value.  Third,  reduced 
costs  have  made  it  possible  to  work  at  a  profit  ore  which  twenty  or  thirty  years  ago  was 
worthless,  and  in  consequence  work  is  now  deliberatoly  carried  into  what  would  then  have 
been  considered  the  walls  of  the  deposits.  In  some  respects,  therefore,  the  decrease  in 
value  of  tho  ore  is  to  the  mine's  credit,  indicating  that  much  more  material  is  available  for 
treatment  than  there  could  have  been  under  the  early  conditions.  The  fact  that  the 
compwiratively  rich  ore  has  l)een  cxhaustod  and  that  mining  f)perations  have  been  forced 
toward  the  outer  limits  of  tlie  ore  bodies,  however,  is  of  course  a  state  of  things  which  no 
company  could  desire. 

As  for  actual  values  of  any  given  mass  of  ore  at  present,  little  information  is  to  be  had. 
Assays  are  not  commonly  made,  and  as  a  general  rule  the  value  of  the  ore  is  measured  only 
by  the  recover^'  on  the  plates  and  by  chlorination.  As  the  ores  from  the  several  ore  bodies 
are  generally  run  through  the  mill  promisaiously,  it  is  difficult  to  determine  the  value  of 
any  one  lot.  Wlien  it  is  found  that  returns  run  below  the  Hne  that  separates  profit  from 
loss,  steps  are  taken  to  determine  which  of  the  several  localities  where  oro  is  then  being 
mined  is  the  cause  of  this  decrease  in  value,  and  when  this  is  known  material  from  that 
place  is  not  sent  to  the  mill. 

It  is  not  meant  to  imply  here  that  these  operations  arc  conducted  carelessly.  TTie  various 
processes — onishing,  nmalgnnmtiiig,  concentrating,  and  chlorinating — have  in  the  past 
Ikhmi  so  carefully  studied  and  so  nicely  perfected  at  this  mine  that  it  is  Ix'iieved  that  increase 
in  percentujje  recovcMV  would  <'ost  more  than  the  valuta  of  the  extra  gold  saved.  With  the 
total  cost  charged  against  the  ore  standing  at  about  SI. GO  per  ton,  it  is  doubtful  if  ore  run- 
ning much  less  than  S2  is  intentionally  carried  to  the  mill.  lu  the  llaile  pit  certain  zones 
carrj'ing  heavy  pyrite,  consi(l<»ral)le  molybdenite,  and  some  free  gold  carry  $12  to  $14  per 
ton,  and  at  a  depth  of  2(X)  feet,  just  below  the  bottom  of  the  Ilaile  pit,  some  $40  ore  has 
been  found.  These  values,  S2  and  S4(),  pn»l)al)ly  represent  about  the  extremes  at  the 
prc»sent  day. 

\Mien  mining  was  begun  at  the  llaile  practically  all  the  gold  was  free,  since  oxidation 
was  complete  near  the  surface.  As  near  as  can  be  learned,  the  water  level  was  at  about  60 
feet.  From  that  point  downward  s»ilphides  have  been  in<Teasingly  important.  In  the 
nineties  a  check  on  the  value  of  the  ore  was  kept  by  frecjuent  panning,  the  amoimt  of  free 
gold  l)eing  approximately  proportional  to  the  total  valu(»  of  the  ores.  As  greater  depths 
were  reached  the  proportion  of  the  total  value  (K'curring  as  free  gold  decreased  still  further, 
and  is  now  about  one-fourth:  and  much  of  the  ore  now  worked  profitably  shows  no  color 
in  panning.  Visible^  fre(^  gold  in  the  coarse  ore  is  rare.  It  (H'curs  most  commonly  as  thin 
flakes  on  the  molybdenite  in  the  llaile  pit. 

Pyrite  ranging  in  amount  from  1  or  2  up  to  ^)  ])er  cent  of  the  ore  is  saved  by  the  AVilfley 
tables.  Th<»  value  of  the  tailings  is  not  known  to  the  writer,  but  the  extreme  fineness  of 
the  pyrite  grains  makes  it  probable  that  an  appreciabh^  cjuantity  of  pyrite  is  lost.  Tlie 
loss  in  concentration  a  few  years  ago  was  .said  to  Ix^  15  to  20  j)er  cent,</  and  was  doubtless 
attributable  in  large  part  to  tliLs  small  size  of  the  pyrite  graias.     Tlie  ore  is  concentrat^'d 
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about  12  to  1  on  the  average,  and  these  roncentrates  are  very  clean,  seldom  containing  over 
15  and  often  under  10  per  cent  of  ro<'k.  Tlic  pyritic  portion  of  the  concentrates  is  practi- 
cally pure  iron  sulphide,  with  only  a  slight  amount  of  copper  and  occasional  traces  of  arsenic. 
Tlu^e  concentrates  range  in  value  from  only  a  few  dollars  up  to  $40  and  more  per  ton. 
Between  90  and  9o  per  c<»nt  of  their  value  is  extracted  by  the  Tlu(«  process  of  roasting  and 
chlorination.  It  is  probable  that  the  total  extraction  is  a  little  under  80  per  cent  of  the  assay 
value  of  the  ore. 

A  point  to  which  the  miners  unanimously  hold,  but  for  which  an  ade<}uate  explanation 
has  not  yet  l>een  found,  is  the  decided  nifluence  of  joints  on  the  value  of  the  ore.  This  fea- 
ture seems  to  be  best  illustrated  in  the  Haileore  Inxly,  but  is  said  to  apply  also  to  the  Bumalo 
and  Beguelin  deposits.  There  are  three  fairly  well-defined  systems  of  joints  in  the  ore  of 
the  Haile  pit.  One  system,  approximately  vertical  and  at  a  right  angle  to  the  strike,  has 
little  or  no  effect  on  the  values  exc^'pt  at  the  southwest  end  of  the  body,  where  the  joints 
appear  to  l>e  the  boundary  of  the  pay  ore.  Joints  parallel  to  the  foliation  of  the  rocks  like- 
wise have  little  influence  on  the  values.  Joints  of  the  third  system,  running  from  foot  to 
hanging  wall  perpendicular  to  the  dip  and  called  ''floors,"  are  said  to  have  a  decided  effect 
on  the  values.  For  a  few  inches  on  each  side  of  them,  particularly  on  the  underside,  the  ore 
is  said  to  Ik*  better  than  elsewhere,  and  there  is  also  said  to  be  a  difference  in  value  lx»twccn 
any  two.  Tliese  floors  are  well  shown  in  PI.  V,  They  have  every  appearance  of  Wing  of 
lat<»r  formation  than  the  ore,  and  why  they  should  so  affect  the  value  is  not  known,  unless 
secondary  enrichment  has  taken  place  along  them,  and  that  is  probably  not  the  case. 

ORE  nODIRS. 

Tlie  most  remarkable  feature  of  the  Haile  mine  is  its  large  ore  bodies.  Some  idea  of  the 
size  of  these  has  already  been  given  in  the  description  of  the  developments.  Roughly 
outlined  on  the  surfaci?  by  the  presence  of  float  gold  tlie  principal  ore  bodies  were  at  once 
recognized.  Subsequent  work  has  resulted  in  the  three  large  open  cuts — the  Haile,  Bu- 
malo, and  Beguelin  pits.  As  the  grade  of  ore  which  could  be  profitably  treated  progressed 
lower  and  lower,  these  workings  have  been  extended  into  the  outer  portions  of  the  deposits. 
All  these  principal  ore  Inxlies,  which  aie  lenticular  hi  form,  are  influenced  in  their  position 
by  the  structure  of  the  rocks  in  which  they  occur.  In  other  words,  their  longest  horizon- 
tal dimension  lies  in  a  northeast-southwest  direction,  and  they  dip  to  the  northwest. 

Tlie  Haile  ore  Iw^dy  is  an  irregular  lens  of  altered  tuff  whose  foliation  strikes  al)Out  N.40® 
E.,  and  dips  on  the  average  55°  N\V.  This  foliated  structure  is  preserved  in  the  ore,  as  well 
as  in  the  unaltered  tufT,  and  is  well  shown  in  PI.  V,  which  is  a  view  toward  the  hanging  wall 
of  the  new  I  laile  pit  near  its  bottom.  If  the  field  of  the  photograph  extended  a  little  farther 
to  the  right,  the  diabase  dike  shown  in  PI,  IV  could  be  seen.  PI.  V  also  shows  incidentally 
the  method  of  breaking  the  ore,  which  practically  amounts  to  quanying.  The  ore  body 
following  this  rock  structure  is  about  200  feet  long  from  northeast  to  southwest,  and  on  the 
average  100  feet  thick  at  a  right  angle  to  the  walls.  From  a  description  of  the  old  Haile 
pit,  now  filled  in  and  inaccressible,  and  from  what  can  be  seen  imderground,  the  northeast 
end  of  the  deposit  seems  to  narrow  up,  lens-like,  till  finally  pay  ore  practically  ceases.  -  At 
the  southwest,  however,  at  least  for  the  upper  200  feet,  the  boundary'  between  pay  ore  and 
rock  of  too  low  grade  to  be  worked  is  roughly  a  plane  running  approximately  vertically 
across  the  deposit.  There  is  in  some  cases  even  a  joint  or  break  at  this  place,  on  one  side 
of  which  ore  occurs  and  on  the  other  practically  worthless  rock.  This  suggests  the  possi- 
bility of  faulting  along  a  plane  parallel  to  the  27-ftK)t  dike,  but  there  is  no  other  evidence 
of  such  an  occurrence.  It  is  difficult,  however,  to  explain  the  sudden  cutting  ofT  of  the  val- 
ues and  of  the  alteration  which  produced  them. 

About  100  feet  l)eIow  the  surface,  at  the  southwest  end  of  the  pit,  a  small  bunch  of  quartz 
occurred  holding  some  free  gold.  At  1130  feet,  al)out  midway  between  the  foot  and  hang- 
ing walls,  at  the  same  end  of  tlie  pit,  a  horse  of  well-foliated  sericite  schist,  soft  in  comparison 
with  the  surrounding  silicified  ore,  juts  into  the  pit,  and  continues  with  the  general  dip  as 
far  as  work  has  gone.    Just  northwest  of  this,  or  toward  the  hanging  wall,  the  ore  is  heavily 


84       GOLD    AND   TIN    DE1H)8IT8    OF    SOUTHERN    APPALACHIANS. 

impregnated  with  pyrite  along  a  zone  2  or  3  fet^t  wide.  Narrow  bands  of  mo]ybdenit« 
carrying  free  gold  mrur  with  the  pyrite.  Tliia  ore  is  said  to  run  $12  to  $15.  Not  far  from 
the  hanging  wall  is  another  similar  streak. 

Tlie  foot  wall,  exposed  for  practically  the  fiill  width  of  the  new  pit,  hoM  a  smooth,  dLstinet 
surface  with  large  horizontal  waves  or  undulations.  It  is  approximately  parallel  to  the 
foliation  of  the  rocks.  Several  crosscuts  into  the  foot  wall  have  demonstrated  the  absence 
of  pay  values  beyond  this  surface.  The  line  of  deman*ation  between  ore  and  waste  is  there- 
fore rather .Kharp.  Much  of  the  hanging-wall  KK*k  has  necessarily  been  broken  to  prevent 
its  caving  in.  The  nature  of  the  transition  from  ore  to  wast<^  is  therefore  not  so  weU  cx]x»ed 
as  on  the  foot-wall  side  of  the  deposit.  Crosscuti?  from  the  ore  into  the  hanging  wall  give 
somt^  idea  of  this  lK)undar}M>f  the  ore  l)ody,  and  while  the  change  from  ore  to  unprofitable 
rock  appears  to  Ik*  less  abnipt  than  on  the  foot  wall,  nevertheless  the  values  decrease  rap- 
idly away  from  t he  ])resent  st opi^^.  Tliese  facts  mean  that  no  matt^^r  how  much  the  processes 
of  winning  the  gold  are  cheapened  in  the  future,  the  limits  of  this  ore  body  are  already  set, 
so  far  as  latiTal  extent  is  concerned.  Similar  conditions  exist  in  the  Bumalo  and  Beguelin 
bodies.  Less  satisfactory  evidence  leads  to  the  same  conclusion  regarding  the  longitudinal 
extension  of  futun*  pay  values.  In  depth,  too,  it  is  plain  that  the  various  ore  bodies  are 
not  indefmit^.  In  the  llaile  Inxly  some  ver>'  good  ore,  running  as  high  as  $40  per  ton,  has 
been  found  at  the  200-foot  level,  a  little  l)elow  the  present  bottom  of  the  Haile  pit.  Some 
stoping  has  lxH»n  done  lK»tween  the  200-f(K)t^nd  270-foot  levels  on  the  Ilaile  ore  body, 
and  more  ore  from  pillars  and  from  the  lower-grade  peri]>hery  can  probably  be  taken  out 
profitably  when  the  oix*n  cut  reaches  that  depth.  But  below  the  270-foot  level  the  values 
are  low,  and  unices  n>lntively  rich  pockets  or  leases  are  discovered  the  time  must  be  expected 
when  the  ore  will  Inn'ome  so  lean  that  with  the  increasing  cost  as  depth  is  attained  it  will  be 
impossible  to  mine  witli  profit.  A  drift  on  the  350-foot  level  runs  under  the  continuation  of 
this  ort»  lx>dy  and  encounters  material  carrymg  values  that  are  appreciable,  but  too  low  to 
pay  for  mining.  1 1  appears,  therefore,  that  the  ore  l>ody  has  a  greater  extent  downward  than 
horizontally,  but  it  seems  likely  that  the  limit  of  workable  ore  iiicludt«  much  less  ground. 

In  the  Bunmlo  ore  body  the  principtil  differences  from  the  Ilaile  arc  those  of  dimensions. 
The  main  portion  of  the  cut ,  aUnit  2r;0  feet  lt)ng,  is  la^ed  over  at  a  depth  of  al>out  100  feet, 
and  thus  sej)arated  from  stojH's  which  c«)ntinue  downward  almost  200  feet  farther.  This 
ore  lK)dy,  striking  alxnit  northeast  aii<l  dipping  to  tlie  northwest  at  a  httle  lo^*er  angle 
than  tlie  Haile  IxmIv,  has  a  derided  pitcli  north-northeast  in  the  plane  of  foliation.  It  is 
narrower  than  the  Ilaile  deposit,  averaging  j)erhaps  40  feet  perpendicular  to  the  walls.  A 
large  (juartz  lens  near  the  surface  is  inclosed  in  the  ore  Ixxly.  It  is  practically  barren, 
although  t!ie  miners  l»elieve  that  the  or*  near  it  is  a  little  richer  than  at  a  distance.  At  a 
depth  of  l^  feet  a  northeasterly  drift  was  run  from  the  end  of  the  Bumalo  cut.  Low-grade 
()rt»  was  encountere<l  as  far  as  the  U)2-f(M)t  dike.  The  drift  was  continued  through  the  dike, 
but  no  ore  was  found  on  the  cast  side.  A  small  diabiust^  dike  with  northerly  strike  occurs 
just  east  of  the  main  workings.  It  is  nuich  decomposed  and  does  not  carry  values.  A 
big  stop<'  on  the  2(K)-f<M>t  level  is  now  inac<'essil)le.  On  the  270-foot  level  uneven  distribution 
of  tlie  values  has  resulted  in  irn'gular  stojx\s,  lK)th  stiep  and  flat,  separated  by  large  and 
small  pillars  of  lower-grade  riwk.  Pay  ore  was  found  to  stop  about  25  feet  Ix'low  the  270- 
foot  level.  The  j)itch  of  the  deposit  has  carried  it  to  the  1 92-foot  dike  on  this  level.  The 
350-fiM>t  level  explores  tlie  continuation  of  this  on*  Inidy.  Appreciable  values  are  encoun- 
teivd  when*  the  ore  would  Ik»  expected,  hut  nothing  «)f  workable  grade  has  been  found. 
Just  west  of  the  192-foot  dike  a  1.3()-f(K>t  winze  has  l)een  sunk, inclined  nortbward  at  75®, 
in  the  hojM'  of  st  riking  a  new  pay  shoot ,  but  only  low-gnide  values  were  found.  Tlie  350-foot 
levrl  continues  on  through  flie  U>2-foot  diabase  dike,  but  fails  to  reach  ore.  The  position 
of  tin'  narrow  (liaT)ase  dike  on  the  east  side  of  the  n>2-foot  dike  shows  that  little  or  no  faulting 
hajs  taken  place  along  the  latter. 

In  view  of  the  recumt)ent  j)o.sition  t)f  this  on-  Ixxly,  necessitating  the  removal  <if  much 
wajstc  fVoni  the  hanging  wall,  the  extraction  of  the  material  remaining  below  the  200-foot 
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level  as  pillars  and  as  low-grade  boundaries  will  l)e  increasingly  expensive  by  continuation 
of  the  open  cut.     Fig.  9  shoe's  the  distribution  of  values  in  the  Bunialo  cut. 

The  Beguelin  ore  l)ody  is  in  general  character  similar  to  the  two  already  describe<l.  It 
is  cut  in  two  by  the  130-foot  dike  without  faulting.  Ore  extends  along  the  strike  of  the 
schi.sts  about  N.  60^  E.  for  nearly  300  feet  on  each  side  of  the  dike.  Near  the  northeast 
end  of  the  ore  body  the  27-foot  dike,  which  has  split,  crosses  the  ore.  Just  outside  the  ore 
body,  in  the  hanging  wall,  a  3-foot  dike  of  much  decomposed  diabase,  called  a  "clay"  dike, 
parallels  tlie  strike  and  dip  of  the  ore.  PI.  VI  gives  a  view  of  this  interfoliated  dike  as 
exposed  at  the  southwest  end  of  the  pit.  The  average  thickness  of  the  Beguelin  deposit  is 
about  70  feet.  In  depth  the  ore  reaches  to  alx)ut  170  feet,  and  there  quickly  drops  off  in 
value.  Most  of  the  richest  ore  was  taken  out  to  this  depth  by  undei^ground  workings. 
Open  cutting  was  then  begun.  The  open  cut  east  of  the  dike  is  160  feet  deep  and  has 
practically  exliausted  that  end  of  the  ore  body.  At  the  northeast  end,  perhaps  40  feet 
below  the  surface,  were  found  the  specimens  showing  free  gold  in  the  joints  described  on 
pages  63  and  64.  About  50  feet  northeast  of  this  place  and  35  feet  deeper  a  small  body  of 
heavy  pyrite,  carrying  some  zinc,  was  struck,  and  100  tons  were  shipped  for  the  manufacture 
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of  sulphuric  acid.  On  the  southwest  side  of  the  dike  the  open  cut  had  been  carried  to  a  depth 
of  120  feet  at  the  time  of  visit,  and  had  almost  reached  the  southwestern  limit  to  which 
undei^ground  mining  had  be43n  carried.  (See  PI.  VII.)  Still  farther  southwest  of  this 
point  for  over  a  liundred  feet  values  are  encountered,  but  they  are  so  low  that  it  is  doubtful 
if  mining  can  Ik?  extended  there.  The  demarcation  of  this  material  from  the  surrounding 
rock,  however,  is  such  as  to  place  it  as  part  of  the  ore  Ixjdy,  and  it  has  so  been  shown  in 
fig- 10. 

Silicified  and  pyritized  tuff  carrying  gold  values  is  known  in  several  other  places.  Assays 
have  been  obtained  at  several  points  northwest  of  the  Beguelin  pit,  but  up  to  the  present 
time  no  further  prospecting  has  been  done  in  that  locality.  On  a  small  elevation  known 
as  Chase  Hill,  several  liundred  feet  northeast  of  the  Beguelin  cut,  some  shallow  open  pits 
have  been  dug  on  siliceous  nx?k,  with  numerous  quartz-rich  streaks.  Pyrite,  once  plentiful, 
has  been  mostly  oxidized  and  carried  away,  leaving  the  rock  crumbling  and  stained.  The 
strike  of  these  pits  is  in  direct  line  with  that  of  the  Beguelin,  and  it  seems  highly  probable 
that  the  two  ore  Ixxlies  arc  connected  by  a  band  of  lower-grade  material  somewhere  under- 
ground if  not  at  the  surface.    The  Chase  Hill  deposit^!,  although  explored  underground  as 
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well  as  ])y  surface  workings,  liave  novor  l)cpn  important  producore  and  aro  not  now  being 
w«)rk<'d.  On  Kcd  Hill,  'lilO  or  600  U^el  nortlioast  of  the  Bumalo  pit,  (ronsidorable  oro  was 
onco  mini'd  from  open  cuts  n^acliing  down  to  the  limit  of  complrt^  oxidation — about  60 
feet.  The  body  hero,  a  lens  which  lines  up  well  with  the  Ilaile  deposit,  has  a  maximum 
thickness  of  100  feet.  (.Considerable  exploration  in  the  way  of  diamond  drilling  and  well 
drilling  has  been  carried  on  here  recently  to  determine  if  lower  portions  of  this  deposit 
would  <'onstitute  pr<.)fitable  ore,  but  the  writ^'r  leanis  from  Mr.  Thies  that  the  values  encoun- 
tered were  not  very  high  and  exploitation  has  ceased.  It  may  be  remarked  here  that 
6-  to  lO-inch  wells  drilled  by  machines  of  the  Keystone  type  have  been  fcmnd  at  this  mine 
to  be  decidedly  cheapi^r  for  holes  down  to  500  or  (KX)  feet  than  diamond  drills,  and  that  the 
bailed  drillings  give  a  much  more  satisfact4)ry'  indication  of  the  values  passed  through 
than  do  diamond-drill  cores. 

Alx)ut  l/)0  feet  northwest  of  the  Haile  pit  the  185-foot  level  entered  much  jointed  and 
fractured  silicified  ro<*k  which  carried  no  visible  free  gold  but  averaged  $8  per  ton  on  assay. 
This  Ix>dy,  ulx)ut  ^iO  f(?ct  in  diameter,  ext4>nded  aUmt  40  feet  alx)ve  and  25  feet  below  the 
level.  A  raise  to  this  Uidy  from  the  270-foot  level  pasN(>d  through  several  streaks  of  $5 
ore.  Thirty  feet  west  of  the  northwest  corner  of  the  Ilaile  pit  an  old  level  115  feet  Iwlow 
the  surface  encounten^d  $^i  on*  in  amount  too  small  to  warrant  extraction.    On  the  200-foot 
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Fig.  10.-  A'orticjil  sj-ctiou  (nppnixiinnt^")  <>f  the  Hopiicliii  ore  Inxly,  Ilnilo  niino. 

level,  alx)ut  1(K)  foot  norlhcust  of  the  No.  4  shaft,  75  tons  of  ore  exhausted  a  .small  body 
occurring  near  but  apparently  not  related  to  a  (|uartz  vein. 

At  u  depth  of  20  fcrt  the  No.  o  sliaft  rcuched  ore  assaying  $4.50  per  ton.  This  proved 
to  1k»  tlie  toj)  of  a  chimney-like  IkkIv  1.")  fret  in  (liaincler,  which  reas<'d  at  a  depth  of  42  feet. 
A  nortluuist  (TOHSciit  from  the  lK)tt<»in  of  tiic  KKVfool  sliaft  extends  for  130  feet  through 
material  assaying  .")0  cents  to  $2  per  ton  and  then  reaches  a  practi<'ally  harn»n  hanging  wall. 
The  values  are  too  low  to  warrant  furtlicr  dovelopnn*nt  of  this  IhmIv.  A  well  400  feet  d<»ep 
alxMit  midway  l>elwrrn  tlie  Ilaile  and  li<'gii<4in  pits  gave  evidence'  of  (juartz  and  .siliciiied 
schist  carrying  jnrite  with  traces  of  gold. 

A  recent  letter  from  Mr.  K.  A.  Tliies.  manager  of  the  mine,  reports  the  discovery-  of  a 
new  ore  lK)dy  a))out  3(K)  feet  sontliwcst  of  the  I'^foot  diabase  dike  on  the  continuation 
of  the  strike  of  the  licguelin  deposit.  Twelve  holes  have  lx»en  drilled  and  indicate  that 
the  values  rapidly  decrease  }x4ow  110  feel.  Two  hundred  feet  farther  to  the  southwest 
drill  liolos  indicate  th<>  j)re.«'nc»^  of  a  large  decomposed  diaba.se  <likc  cutting  across  the 
rock  stmcture. 

This  new  ore  body,  with  the  Begueljn  and  the  Cha.s*'  Hill  pits,  con.slitutes  a  zone  almost 
1,5(X)  feet  long,  parallel  to  the  foliation  of  the  country  rock  and  at  a  right  angle  to  the  main 
diaba.se  dikes.     This,  it  .seems  to  the  writer,  is  another  argument  iigain.st  the  existence  i»f  a 
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genetic  relation  between  tlie  dikes  and  the  ore.    This  subject  is  more  fully  discussed  on 
pagc8  70-72. 

While  considerable  ore  of  workable  grade  remains  in  the  ore  Ixxiies  now  developed,  the 
new  deposit  recently  discovered  and  others  like  it  must  be  looked  to  if  the  mine  is  long  to 
continue  as  an  important  producer.  It  may  be  that  ore  bodies  possibly  of  equal  grade 
with  those  already  kno^m  exist  along  the  same  general  zone  at  greater  depth,  but  it  is  not 
HO  probable  that  they  can  be  discovered  and  worked  at  a  profit.  The  possibility  that 
secondary'  enrichment  lias  efT<;cted  the  value  of  the  known  deposits  is  too  uncertain  to  allow 
prediction  as  to  the  value  of  bodies  l)elow  the  surface.  Of  the  bodies  which  reach  the  sui^ 
face,  it  is  probable  that  the  ri(!hest  are  already  known,  but  it  is  reasonable  to  believe  that 
along  the  strike  of  these  known  deposits  others  of  workable  grade  exist  and  might  be 
discovered  by  careful  surface  pn>apecting. 

COLOSSUS  MINE. 

The  Colossus  mine  is  situated  in  Union  County,  N.  C,  about  4  miles  south  of  Waxhaw, 
on  the  S€»a board  Air  Line,  and  alxMit  3  miles  from  the  South  Carolina  line.  Until  recently 
it  was  called  the  Howie  «  or  Iluey  b  mine,  and  was  once  known  as  the  Cureton  mine.c  At 
one  time  it  was  one  of  a  group  known  as  the  Grand  Union  Gold  mine.d  It  was  worked 
certainly  as  early  as  the  fifties  and  probably  earlier  than  that.  Before  the  war  Commodore 
Stix-kton  owni'd  and  operated  the  mine  and  it  was  sometimes  known  as  the  Stockton  mine. 
Considerable  ore  was  taken  out  at  tliat  time.  About  fifteen  years  ago  the  mim?  was  again 
worked  and  the  ])roduction  considerably  augmented.  Some  three  years  ago  a  company 
began  to  cyanide  the  amalgamation  tailings  from  former  operations.  The  Colossus  Gold 
Mining  and  Milling  Company  now  has  control  of  the  property  and  was  working  rather 
extensively  at  the  time  of  visit.  This  company  has  its  head  office  at  Nazareth,  Pa.,  and 
Mr.  William  B.  Shaffer  is  manager. 

No  definite  information  is  to  t)e  had  n'garding  the  production  of  this  mine.  Some  say 
that  a  million  has  In'en  produced,  others  half  a  million.  In  18.56  it  was  stated  that  the 
profit  \wi'  month  was  $18,0(K)  to  $20,000  clear.  ^  The  cyaniding  opc^ration  of  a  few  years 
ago  is  said  to  have  yielded  $;-J6,000. 

The  development  consists  of  four  shafts  with  rather  short  levels  and  st^veral  trenches. 
The  Bull  Face  shaft  was  started  as  an  incline,  but  fifteen  years  ago  it  was  made  vertical 
and  carried  to  a  depth  of  HiO  feet.  Later  an  incline  was  started  from  the  120-foot  level 
of  the  vertical  shaft  an<l  carried  downward  al>out  200  feet,  so  that  the  total  depth  of  the 
shaft  is  al)out  820  fcvt.  Only  a  small  amount  of  drifting  has  Ix^n  done.  Active  pumping 
had  low<^red  the  water  to  220  feet  in  November,  1904.  The  Old  Nettie  and  the  New  Nettie 
shafts,  lM)th  sunk  under  former  management,  are  nearly  filled  with  water  and  are  much 
caved.  It  is  said  that  the  New  Nettie  shaft  is  over  300  feet  deep.  The  Pansy  shaft,  which 
was  put  down  by  the  pr(«ent  company,  is  104  feet  deep  and  has  perhaps  200  feet  of  drifting 
and  crosscut  ting  at  its  bottom.  An  old  open  slope  or  trench  exposes  the  upper  portion  of 
the  ore  body. 

In  the  way  of  surface  development  there  is  a  small  hoisting  plant  over  the  Pansy  shaft, 
besides  office  buildings,  assay  office,  etc.  A  500-ton  cyanide  plant  was  well  under  con- 
stniction  at  the  time  of  visit.  It  is  the  intention  of  the  company  to  work  the  mine  as  a 
large  open  cut,  to  break  the  ground  by  quarrying  methods,  raise  and  carry  the  ore  in  buckets 
by  an  aerial  tramway  reaching  to  the  mill,  dry  crush  by  rolls  to  30  mesh,  and  leach  with 
cyanide  in  large  vats. 

The  geology  of  the  Colossus  mine  is  very  similar  to  that  of  the  Ilaile.  Foliated  quartz- 
sericite  schists  retain  enough  of  their  original  character  to  show  that  they  were  porphyry 

a  Emmons,  E.,  fJool.  Survey  North  Carolina,  1S56,  p.  133. 

b  Llebor.  op.vii..  vol.  1,  p.  •%. 

c  Kerr  and  Hannu,  Ores  of  North  Carolina  (chap.  2  of  Geology  of  North  Carolina,  vol.  2),  1883,  p.237. 

d  Kerr  and  1 1  anna.  op.  cit.,  p.  '2iM. 

«  Lieber,  op.  cit.,  vol.  1,  p.  43. 


88      GOLD   AND   TIN   DEPOSITS    OF   SOUTHERN    APPALACHIANS. 

tuffs.  Fragments  of  feldspar — microcline,  microperthite,  and  plagioolase — and  of  brownish 
biotite  are  readily  discernible  in  most  of  the  microscopic  sections  of  the  rocks.  The  folia- 
tion of  these  schists,  which  appears  in  all  cases  to  represent  original  bedding,  strikes  N.  55® 
to  65°  E.  and  dips  northwest  at  an  angle  of  almost  90°.  These  schists  have  been  silicified 
along  certain  bands  which  appear  to  represent  shear  zones.  Where  unoxidized,  the  resulting 
siliceous  rock  is  dense  and  bluish,  with  lustrous  cleavage  faces  almost  identical  with  the 
Haile  ore  except  that  at  the  Colossus  the  banding  is  generally  better  preserved.  A  pro- 
nounced jointing  has  taken  place,  evidently  since  the  silicification  of  the  schists.  These 
joints  dip  80°  to  90°  SW.  and  strike  about  N.  35°  W.  Along  these  principal  joints  several 
dikes  of  diabase  of  similar  character  to  that  at  the  Haile  mine  have  been  intruded.  They 
range  in  width  from  5  to  8  feet.  These  joints  and  dikes  often  fault  the  ore  body.  One  dike 
to  the  northeast  of  the  principal  mine  workings  is  said  to  displace  the  vein  300  feet  laterally. 
It  is  said  that  in  the  case  of  all  these  faults  the  northeastern  side  is  thrown  to  the  northwest. 
The  ** Monroe"  beds,  which  are  known  to  exist  a  few  miles  to  the  northeast,  have  evidently 
been  eroded  away  in  the  immediate  vicinity  of  the  Colossus  mine  and  certainly  have  no 
connection  with  the  ore. 

This  mine  is  another  excellent  example  of  the  replacement  deposits  of  this  region.  The 
ore  is  decidedly  similar  to  the  Haile  x)re.  It  is  hard,  blue,  siliceous  rock,  usually  with  decided 
fissility  or  cleavage,  and  contains  pyrite.  As  at  the  Haile  mine,  ore  is  limited  to  the  silici- 
fied portions  of  the  schists.  Small  quartz  stringers,  usually  parallel  to  the  foliation,  give 
the  impression  of  almost  complete  replacement  by  silica  of  the  rock  adjoining  narrow 
fractures.  Pyrite  is  a  little  more  abundant  near  these  stringers  than  elsewhere.  The 
zones  of  most  intense  silicification  in  general  constitute  the  best  ore.  They  exhibit  a  decided 
sheeting  parallel  to  the  original  foliation  and  doubtless  owe  their  existence  to  the  fact  that 
the  ore-bearing  solutions  found  readiest  channels  along  sheeted  zones.  Oxidation  is  also 
more  advanced  along  these  sheeted  2X>nes  than  elsewhere,  owing,  without  doubt,  to  the 
more  easy  penetration  of  solutions  which  they  allow.  Pyrite  is  less  abundant  and  more 
evenly  distributed  through  the  ore  than  at  the  Haile  mine  and  no  molylxlenite  has  been 
seen. 

Tlie  condition  of  most  of  tlie  gold  is  a  matter  not  definitely  established.  It  is  said  at 
the  mine  that  the  greater  part  of  the  gold  is  free  and  also  that  there  is  very  little  pyrite 
present.  The  fact  that  mining  was  carried  on  fully  200  feet  below  the  water  level  when 
amalgamation  was  the  only  means  of  extraction  employed  would  seem  to  strengthen  this 
statement.  Tlie  writer  saw  numerous  specimens  containing  free  gold,  but  all  of  them  had 
suffered  oxidation  and  in  all  the  gold  had  the  appearance  of  having  l)een  derived  from 
pyrite.  While  it  is  true  that  pyrite  is  not  abundant,  it  is  present  in  tiny  grains  all  through 
the  ore,  in  amount  ample  to  contain  all  the  gold  which  the  assays  show.  A  possible  explana- 
tion of  the  presence  of  free  gold  below  the  water  line  may  l)e  found  in  an  occurrence  near 
the  bottom  of  the  Pansy  shaft.  Joints  and  crevices  along  which  water  from  the  sur- 
face travels  with  more  or  less  ease  show  the  effects  of  oxidation;  the  adjoining  rock  is 
stained  brown  or  red  and  a  red  slime  oozes  down  the  walls.  The  ore  is  usually  Ix^tter  near 
these  places  than  elsewhere.  Away  from  visible  fractures  of  any  kind,  the  hard,  unstained 
blue  rock  is  t>ften  found  to  l)e  porous,  containing  many  minute  cavities  which  correspond 
in  form  to  pyrite  crystals.  Some  of  these  cavities  are  partially  filled  with  a  light-colored 
crystalline  sul)stance  which  proves  to  l)e  at  least  in  large  part  ferrous  carbonate.  It  is 
evident  that  some  kind  of  solution,  which  probably  means  some  kind  of  oxidation,  has 
attacked  the  pyrite.  It  is  equally  evident  that  waters  carrying  dissolved  oxygen,  like  the 
ordinary  surface  waters,  have  not  l>een  active.  It  is  possible  that  the  pyrite  has  l)een 
oxidized  and  converted  into  a  sulphate  by  sulphuric  acid,  or  ferric  sulphat<»,  or  l)oth.  Such 
a  reaction  may  have  necessitated  the  liberation  of  free  sulphur  or  of  sulphur  dioxide, 
although  (Evidence  of  neither  of  these  was  seen.  It  was  imiX)ssible  to  decide  how  wide- 
spread this  phenomenon  luis  l)een,  and  free  gold  has  not  been  detected  in  the  cavities 
originally  occupied  by  the  pyrite;  but  it  is  p<issible  that  gold  could  in  this  way  he  liWrated 
from  the  inclosing  sulphide  and  form  a  free-milling  ore  Ix^low  the  limit  of  ordinar}-  oxidation. 
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The  fact  that  of  the  ore  milled  during  the  former  working  of  the  mine  a  largo  percentage 
was  not  recovered  is  to  the  writer's  mind  an  indication  that  considerable  of  the  gold  was 
contained  in  pyrite.  On  many  of  the  numerous  minor  joints  flat  scales  of  pyrite  occur, 
some  of  them  witl?  a  rudely  radiating  structure.  These  fractures  and  the  pyrite  in  them 
have  almost  certainly  been  formed  subsequent  to  the  principal  deposition  of  quartz  and 
sulphide.  This  occurrence  of  pyrite  is  rather  common  in  or  near  the  porous  rock  from 
which  pyrite  has  been  removed  and  is  perhaps  a  redeposition  of  the  actual  material  which 
constituted  the  original  pyrite  crystals.  Where  oxidation  has  been  marked,  small  flakes 
of  gold  are  frequently  found  on  joint  faces,  only  loosely  attached  to  the  ro<'k  and  presenting 
the  appearance  of  having  been  derived  from  this  probably  sec-ondary  pyrite.  If  such  is  the 
case  it  would  seem  to  argue  in  favor  of  secondary  enrichment,  or  at  least  solution  and 
redeposition  of  gold  comparable  to  the  secondary  enrichment  of  copper. 

The  ore  which  has  been  mined  from  the  Colossus  mine  has  probably  l)een  of  higher  grade 
than  that  taken  from  the  Haile  mine.  That  near  the  surface  was  rich,  some  of  it  running 
over  $200  per  ton.a  In  the  later  work  the  ore  is  said  to  have  averaged  about  $15  per  ton.b 
The  tailings  recently  worked  by  cyanide  had  doubtless  been  subjected  to  some  concentra- 
tion by  the  action  of  the  water  which  discharged  them  from  the  mill  and  by  subsequent 
rains.  They  are  said  to  have  yielded  from  $3  to  $15  of  gold  per  ton.  These  values  are 
not  justly  comparable  with  those  at  the  Haile  mine,  for  there  the  bodies  of  ore  worked 
have  been  extended  to  the  greatest  possible  size  by  including  rock  of  lower  and  lower  grade, 
while  up  to  the  present  only  the  richer  shoots,  much  smaller  in  size,  have  been  mined  at  the 
Colossus.  Assays  made  by  the  present  company  are  said  to  run  from  $2  to  $2,000.  The  rock 
broken  in  sinking  the  Pansy  shaft  is  said  to  have  averaged  $8.  As  this  is  near  the  middle 
of  what  is  considered  the  ore  body,  it  is  probable  that  the  average  value  of  the  deposit 
will  run  somewhat  under  that  figure.  Lieber,  i*riting  in  1856,  c  states  that  the  gold  was 
worth  87J  cents  per  pennyweight,  which,  on  the  assumption  that  the  accompanying  material 
was  silver,  would  make  the  fineness  of  the  gold  about  0.840.  Of  the  $36,000  extracted 
by  cyanide,  about  $1,100  is  said  to  have  been  silver,  making  the  fineness  of  the  gold  recov- 
ered from  the  old  tailings  about  0.435.  It  is  stated  by  Professor  Hanna,  who  made  many 
assays  of  this  ore,  that  the  fineness  ranged  from  0.725  to  0.775.^ 

The  old  stopes  are  not  extensive.  A  chimney-like  ore  shoot  in  the  Bull  Fac«  workings 
was  followed  b}'  the  incline  shaft.  It  pitches  about  75°  NE.  At  a  depth  of  140  feet  the 
stope  on  this  ore  shoot  is  20  feet  wide  and  40  feet  long.  From  140  down  to  220  feet  the 
stope  ranges  from  20  to  30  feet  in  diameter.  Below  that  depth — the  water  level  at  the  time 
the  mine  was  visited — the  size  of  the  stope  was  not  known,  although  it  is  said  that  when 
the  old  work  was  stopped  there  was  ore  in  the  bottom  of  the  shaft  and  ore  was  left  on  the 
northeast  side  of  the  stope.  The  value  of  the  rock  forming  the' walls  of  this  old  stope  was 
not  learned  by  the  writer.  Of  the  stopes  in  the  other  old  shafts  practically  nothing  is  known 
at  prasent.     They  probably  followed  shoots  similar  to  that  in  the  Bull  Face. 

The  C0I0.SSUS  Company  has  control  of  10,000  feet  along  the  strike  of  the  deposit,  and  gold 
is  known  to  occur  at  intervals  throughout  this  extent,  but  adequate  prospecting  has  been 
done  on  very  little  of  the  property.  The  portion  which  the  company  expects  to  mine  at 
present  is  said  to  be  400  feet  wide  and  perhaps  800  feet  long.  This  body,  approximately 
vertical,  is  parallel  in  its  long  direction  to  the  foliation  of  the  schists.  At  the  bottom  of 
the  Pansy  shaft  crosscuts  in  each  direction  have  Iteen  run  about  100  feet.  They  show 
narrow  strips  of  soft,  almost  barren  rock,  which  separates  zones  of  ore,  but  which  are  of 
so  small  bulk  that  it  is  the  belief  of  the  company  that  the  whole  may  be  mined  and  milled. 
In  the  writer's  opinion — based,  it  is  true,  on  a  hasty  and  superficial  examination  of  the 
deposit — exploration  has  not  yet  been  sufficient  to  warrant  so  extensive  preparations  for 
milling  as  are  being  undertaken.  It  is  questionable,  moreover,  if  the  straight  cyanide 
process  to  be  employed  will  sucessfully  treat  this  sulphide  ore. 


a  Emmons,  E.,  Geol.  Rept.  Midland  Counties  of  North  Carolina.  1866,  p.  1314. 

bCt.  Nitze  and  Hanna,  Bull.  North  Carolina  Geol.  Survey  No.  3, 1896,  p.  106. 

cOp.  cit.,  vol.  1,  p.  57. 

d  Kerr  and  Hanna,  Ores  of  North  Carolina  (chap.  2  of  Geology  of  North  Carolina,  vol.  2),  1893,  p.  236. 
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BREWER  MINE. 

The  Brewer  mine  is  situated  on  a  branch  of  Ljrnch  River,  in  Chesterfield  County,  S.  C, 
about  4  miles  southwest  of  Jefferson,  on  the  Charlotte,  Monroe  and  Columbia  branch  of  the 
Seaboard  Air  Line.  It  is  about  10  miles  northeast  of  the  Haile  mine.'  The  property  is 
being  worked  by  Mr.  B.  J.  Hartman,  under  lease  from  the  De  Soto  Mining  Company. 

This  was  probably  the  first  important  producer  in  South  Carolina ,o  and  is  even  believed 
by  some  to  have  been  worked  before  the  Revolutionary  war.b  In  1830  and  1831  from 
100  to  200  men  were  employed  daily,  c  The  first  work  was  placer  operations  at  what  was 
known  as  the  Tanyard  deposit,  which  lies  to  the  east  of  the  present  workings.  Later,  placer 
methods  were  applied  to  the  decomposed  portions  of  the  deposits  in  place.  Just  before 
the  civil  war  Commodore  Stockton  worked  the  mine  and  extracted  the  gold  in  Chilean 
mills  and  arrastres.d  In  the  early  eighties  the  Tanyard  gravels  were  worked  again,  this 
time  by  hydraulicking.  A  5-stamp  mill  was  erected  in  1885,  in  1889  a  40-stamp  mill  was 
put  in,  and  in  1892  a  Thies  chlorination  plant  was  added,  but  continued  in  operation  only 
a  short  time.  It  is  said  that  the  bringing  of  damage  suits  arising  from  tailings  debris  was  one 
cause  of  cessation  at  this  time.  Spasmodic  attempts,  including  some  experimentation  \Knth 
the  cyanide  process,  have  since  been  made  to  resume  active  operations,  but  have  brought 
little  success.  At  present  the  mine  is  being  worked  on  a  small  scale  and  the  ore  put  through 
a  10-stamp  mill  with  simple  amalgamation.     About  half  a  dozen  men  comprise  the  force. 

No  idea  of  the  production  of  this  mine  can  be  given.  In  the  early  days,  when  the  output 
was  probably  at  its  greatest,  no  figures  were  made  public.  Probably  several  hundred 
thousand  dollars  have  been  taken  from  the  mine. 

The  principal  developments  consist  of  two  great  open  cuts.  The  old  main  pit  is  140 
feet  dee{5  and  200  to  300  feet  in  diameter.  A  tunnel  extends  eastward  from  the  bottom 
1,200  feet  and  leads  to  the  mill  near  the  river.  Other  tunnels  or  drifts  have  been  run  in 
various  directions  from  the  bottom  of  the  pit.  Several  short  levels,  raises,  and  slopes 
make  an  irregular  network  underground,  especially  at  the  west  side  of  the  pit.  About  500 
feet  southwest  of  this  pit  is  another,  more  than  100  feet  deep  and  about  150  feet  in 
diameter.  There  is  some  thought  of  sinking  this  to  the  level  of  the  bottom  of  the  larger  pit 
and  connecting  the  two  l)y  a  crosscut.  In  addition  to  these  large  cuts  there  are  several 
shallow  shafts  and  pits.  The  40-stamp  mill  is  in  fair  condition,  but  the  chlorination 
plant  has  been  demolished.    The  10-stamp  mill  now  being  used  is  not  well  housed. 

All  geologists  who  have  studied  the  Brewer  mine  have  realized  the  difficulty  of  obtaining 
satisfactory  knowledge  of  it.  It  is  certain  that  porphyritic  rocks,  in  part  tuffacoous  and 
breccia  ted,  have  Ijeen  acted  on  by  silica-  and  ore-bearing  solutions.  The  rocks  thus  acted 
on  (lifTcr  so  greatly  from  those  which  have  escaped  most  of  this  action  that  it  is  difficult 
to  decide  if  they  were  originally  the  same.  The  conclusion  which  seems  most  in  accord 
with  the  facts  is  that  all  was  once  the  same  rock,  but  that  intense  brecciation,  amounting 
almost  to  pulverization,  afTected  some  portions  and  left  other  masses  only  a  little  shattered. 
Then,  when  solutions  sought  to  permeate  this  mass,  they  found  easiest  passage  in  the  f rag- 
mental  portions  and  there  expended  almost  all  their  chemical  and  physical  energy.  The 
rock  which  remains  least  altered  is  a  light -colored,  fairly  coarse-grained  porphyry, 
with  a  small  proportion  of  groundmass.  The  only  recognizable  original  constituents  are 
sparing  grains  of  quartz  and  abundant  phenocrysts  of  a  mineral  who.se  identity  has  not  yet 
been  establi.shed.«  The  quartz  is  penetrated  by  numerous  prismatic  crystals,  apparently 
of  secondary  origin,  possibly  topaz,  and  the  imknow^n  mineral  is  in  the  majority  of  cases 


aCf.  Liobor.  op.  cit.,  vol.  1.  p.  G7. 

6  Korr  and  llnnna.  op.  cit.,  p.  234. 

c  Bwkor.  G.  v..  Gold  fields  of  the  Southern  Appalachians:  Sixteenth  Ann.  Rept.  U.  S.  Gool.  Survey, 
pt.  .i.  1895,  p.  257. 

dCf.  Nitze  and  Wilkons,  Bull.  North  (^arolina  Gool.  Survey  No.  10,  1897,  p.  145. 

«  Dr.  W.  F.  Hilk'brand  is  now  working  on  the  analysis  of  this  mineral.  The  purest  material  which 
has  Inx^n  separated  has  the  maximum  specific  gravity  of  topaz.  2.57.  Analyses  of  less  pure  portions 
show  that  tne  mineral  has  the  same  piTcentage  of  silica  and  alumina  as  topaz,  but  appears  to  contain 
less  fluorine.  In  addition  to  this  chemical  disparity,  the  optical  properties  differ  markedly  from  those 
of  topaz.  It  may  very  well  W,  therefore  that  thisis  a  new  mineral.  It  is  hoped  that  defiuuite  inXomia- 
tion  ou  this  point  will  soon  be  obtained. 
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much  decomposed  into  sericite.  Dark  grains  of  a  nonmagnetic  titanium  mineral  are  closely 
associated  with  this  fluorine  mineral.  They  may  be  ilmeuite.  Pyrite  is  present  in  crys- 
talline grains  impregnating  both  constituents.  These  less  altered  portions  are  practically 
valueless  and  have  been  left  in  place  as  the  ore  has  been  mined  away  from  them.  They 
are  known  as  dikes.  In  all  cases  observed,  however,  they  have  no  distinct  walls,  but  grad- 
ually pass  by  increase  of  shattering  and  silicification  into  the  dense  bluish  rock  which  con- 
stitutes the  ore.  On  the  surface  this  silicified  ore  is  stained  red  from  oxidation  of  the  iron 
and  well  shows  its  brecciated  character.  Narrow  veinlets  of  quartz,  carrying  a  little  pyrite, 
cut  both  the  highly  silicified  and  the  little  altered  rock.  In  the  former  they  seem  to  fade 
off  into  the  surrounding  rock ;  in  the  latter  their  wails  are  distinct,  and  along  with  and 
close  to  the  pjrrite  they  hold  radiating  masses  of  pyrophyllite.  It  certainly  appears  as 
if  the  three  minerals — quartz,  pyrite,  and  pyrophyllite — were  contemporaneous. 

Granite  is  known  to  occur  about  three-fourths  of  a  mile  to  the  west.  It  is  said  that 
a  diabase  dike  passes  near  the  mine. 

From  the  standpoint  of  the  miner  the  Brewer  ore  is  similar  to  that  of  the  Haile  and 
Colossus  mines.  It  is  a  dense  blue  siliceous  ore,  carrying  finely  disseminated  pyrite  and 
a  variable  amount  of  free  gold.  The  ore  of  these  other  mines,  however,  is  a  replacement 
of  bedded  tuffs,  while  the  Brewer  rock  is  a  replacement  of  what  is  probably  only  a  massive 
igneous  rock  brecciated  in  place.  There  is  consequently  no  evidence  of  bedding  nor 
banding,  and  the  only  structure  which  the  deposits  show  is  a  number  of  rather  irregular 
systems  of  joints.  The  most  prominent  jointing  strikes  about  N.  70^  E.  and  dips  steeply 
to  the  northwest.  The  Brewer  ore  is  also  more  siliceous  than  that  from  the  Haile  and 
Colossus.  Although  pyrite  occurs  in  the  unsilicified  rock,  it  carries  very  little  gold.  The 
pyrite  in  the  blue,  silicified  rock,  which  averages  about  7  per  cent  of  the  total  mass,a  carries, 
on  the  other  hand,  both  gold  and  copper.  When  the  pyrite  decomposes  it  leaves  cavities 
lined  with  an  iridescent  film  of  limonite.  A  black  copper  arseno-sulphide,  enargite,  is 
ako  present  in  small  crystals  and  separates  in  the  gold  pan  as  the  so-called  "black  sand.'' 
Where  oxidation  has  taken  place,  this  arsenical  sulphide  is  decomposed  and  the  copper 
is  converted  into  the  sulphate,  chalcanthite,  which  forms  a  blue  coating  on  the  walls  in 
several  places,  particularly  at  the  north  side  of  the  main  pit.  Covellite  has  been  found 
in  the  ore  *>  and  bismite  and  native  bismuth  have  been  reported,  c  Cassiterite  has  been 
found  at  this  mine,<2  sometimes,  as  reported,  in  close  association  with  the  gold.''  It  seems 
probable  that  the  cassiterite  is  an  associate  of  the  fluorine  mineral  of  the  original  rock 
and  that  the  ore,  brought  in  later,  was  deposited  about  this  difficultly  soluble  mineral. 

The  siliceous  cement  which  binds  the  silicified  fragments  into  a  dense  rock  has  been 
much  attacked  by  surface  water.  Along  certain  planes  or  lines  the  cement  has  been 
removed  by  solution,  allowing  the  rock  to  crumble  to  a  very  fine  white  powder  which  is 
almost  pure  silica.  All  the  sulphur,  iron,  and  copper  of  the  sulphides  have  been  leached 
out,  but  the  gold  remains,  doubtless  as  free  gold.  Within  these  soft  sandy  portions  residual 
masses  are  often  found.  They  are  hard  and  many  of  them  when  broken  open  are  found  to 
have  a  blue,  unaltered  core  containing  pyrite.  In  numerous  instances  they  assume  fantastic 
nodular  forms  resembling  those  of  certain  concretions.  This  sandy  ore  is  especially  sought 
for  by  the  miners.  In  the  first  place,  it  is  perfectly  free  milling.  Moreover,  it  is  of  better 
value  than  the  average  blue  unoxidized  ore.  This  difference  in  value  may  be  partly 
explained  by  the  fact  that  the  proportion  of  gold  in  the  sand  has  been  increased  by  the 
removal  of  such  material  as  has  been  dissolved  away.  But  this  seems  hardly  adequate 
to  account  for  the  marked  difference  in  value  which  is  said  to  exist.  The  residual  lumps 
of  unoxidized  rock  found  in  the  midst  of  the  sand  are  said  to  be  decidedly  richer — they 
certainly  hold  more  pyrite — than  rock  of  similar  appearance  from  the  large  unoxidized 

aNitze  and  Wilkens.  Ball.  North  Carolina  Qeol.  Survey  No.  10,  1897,  p.  144. 

b  Becker,  G.  F.,  Oold  fields  of  the  Southern  Appalachians:  Sixteenth  Ann.  Rept.  U.  S.  Oeol.  Survey, 
pt.  3,  1895,  p.  279. 
e  Tuoraey,  M.,  Geology  of  South  Carolina,  1848,  p.  97. 
d  Clarke  and  Chatard.  Am.  Jour.  Sci.,  3d  ser.,  vol.  28, 1884,  p.  25. 
•  Becker,  O.  F.,  op.  dt.,  p.  306. 
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masses.  Apparently  this  is  another  instance  where  descending,  decomposing  waters  have 
found  easiest  passage  along  the  same  channel  which  gave  to  the  original  ore-bearing  solutions 
their  easiest  ascent. 

In  certain  places  solution  has  gone  on  to  the  extent  of  forming  cavities  or  vugs  in  the 
rock.  One  of  these,  encountered  in  the  underground  workings  at  the  west  side  of  the 
main  pit,  is  3  feet  wide,  15  feet  long,  and  20  feet  high.  The  two  greater  of  these  dimensions 
lie  in  the  plane  of  a  zone  of  the  white  sand  above  descriljed. 

The  values  of  the  ore  mined  in  the  early  days  can  onl}'  be  inferred  from  those  known 
more  recently;  if  what  seems  to  be  the  general  rule  in  this  region  applies  to  this  particular 
mine,  the  first  ore  was  considerably  richer  than  that  mined  at  greater  depths.  In  their 
report  in  1897  Nit'/«  and  Wilkens  a  state  that  the  better  grade  of  ore  assays  $5  to  $7  per 
ton,  while  the  average  run  of  the  mine  is  about  $3.  As  a  matter  of  fact  the  best  ore  has 
all  been  the  decomposed,  sandy  material,  or  the  residual  nodules  inside  of  it,  with  the  one 
exception  of  a  streak,  near  the  southeast  corner  of  the  pit,  of  very  silieeous  rock  which 
probably  originally  corresponded  to  the  portions  now  decomposed,  but  which  was  so 
thoroughly  sealed  up  by  the  siliceous  c«ment  that  surface  waters  have  not  been  able  to 
penetrate  it.  At  present  only  the  sandy  material  is  being  sought  for  and  the  mining 
operations  consist  in  gouging  out  and  following  the  bodies  of  this  character  wherever  they 
may  lead.  The  resulting  workings  suggest  and  are  indeed  closely  related  in  form  to  the 
honeycombed  structure  of  much  weathered  limestone.  It  is  said  that  under  present  con- 
ditions 60-cent  ore  can  be  put  through  the  mill  without  loss,  and  $2  is  about  as  good  an 
average  as  can  be  obtained.  In  spite  of  the  selection  of  the  best  ore,  the  grade  of  the 
ore  is  thus  evidently  decreasing,  which  probably  indicates  that  the  limits  of  the  body 
from  the  standpoint  of  economy  are  being  reached.  Nitze's  sketch  plan  of  the  mine,& 
which  shows  the  unsilicified  rock  (mapped  as  granite)  closing  in  on  all  sides,  seems  likewise 
to  indicate  that  the  limits  of  the  ore  are  not  far  beyond  the  walls  of  the  present  cuts  and 
stopes.  It  is  not  improbable,  however,  that  other  ore  bodies,  perhaps  connected  with  the 
main  deposit  by  comparatively  narrow  strips  of  profitable  ground,  might  \)e  discovered 
by  more  c^rpful  pros|x*cting  than  lia^s  upparcntly  lx*on  done.  It  seems,  in  fact,  that  the 
smaller  pit  is  on  such  an  ore  body  rather  than  on  the  same  one  as  the  main  pit  exposes. 

BLACKMON    MINE.  C 

The  Blackinon  mine,  situated  in  Lancaster  County,  S.  C,  a  little  northwest  of  White 
Bluff  post-office  and  alxnit  14  miles  north  of  Kershaw,  ha.s  also  Ix^en  known  since  the  early 
days  of  gold  niininj:  in  this  region.  It  is  the  proix»rty  of  the  Piedmont  Mining  and 
Development  Company,  of  Charlotte,  N.  C,  and  Mr.  O.  J.  Thies  is  manager. 

lentil  recently  the  mine  has  l)een  \dh  for  many  years,  although  at  one  time  considerable 
ore  was  taken  out  from  an  open  cut.rf  Since  the  resumption  of  work  all  operations  have 
l)een  conduct^^d  underground.  A  shaft  started  in  the  hanging  wall  goes  down  vertically 
for  113  feet,  where  it  reaches  the  foot  wall  and  continues  as  an  incline  at  about  A(f  to  a 
point  180  feet  from  the  surface,  measured  vertically.  Drifts  and  crosscuts,  probably 
amounting  in  all  to  000  feet,  have  l)een  nm  at  the  80-,  11 3-,  153-,  and  180-foot  levels.  The. 
surface  improvements  consist  of  a  20-stamp  simple  amalgamation  mill  and  a  shaft  house, 
with  steam  hoist  and  compressor. 

The  geology  in  this  vicinity  is  nuich  ol)scured  by  decomposition  and  by  vegetable  growth. 
While  the  rock  relations  are  fairly  plain  in  the  mine,  their  significance  is  not  so  readily 
grasped.  A  body  of  extremely  foliated  sericite  schist  which  strikes  northeasterly  and  dips 
30°  to  70°  NW.  is  cut  by  a  porphvritic  rock,  also  somewhat  foliated,  which  lies  to  the 
southeast  and  has  followed  the  planes  of  foliation  of  the  schist.  Both  of  these  are  crossed 
by  a  dike  of  diabase  which  has  a  northwesterly  strike  and  dips  steeply. 


a  Bull.  North  Carolina  Gcol.  Survey  No.  10,  1X97,  p.  144. 
t>  Nilze  inni  Wilkens.  on.  fit..  ]>.  14«». 

c  Fonnorly  known  as  Bluckinrtn's  mine;  cf.  Tiioiiiov.  M.,  Rept.  Gcol.  and  Agr.  Survey,  South  Carolina, 
1H44.  p.  2.3.   * 
d  Tuomey,  M.,  Geology  ol  SoulYi  CaToVvwiv,  IH4H,  v.  95. 
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The  schist  has  always  been  described  as  a  talc  schist,  and  its  appearance  certainly  war- 
rants such  a  description ;  but  chemical  examination  shows  that  only  a  slight  amount  of 
magnesia  is  present,  and  the  material  is  therefore  sericite.  The  rock  is  more  or  loss  soft, 
decidedly  fissile,  and  varies  in  color  from  dull  gray  to  pinkish,  bluish,  and  green.  It  is 
made  up  largely  of  shreds  of  sericite  or  fibrous  mica,  with  a  little  quartz,  numerous  tiny 
red  and  black  garnets,  a  little  magnetite,  and  a  few  small  fragments  with  high  polarization 
colors  whose  identity  is  unknown.  Where  cut  by  the  diabase  dike  the  folia  are  much 
crumpled.  It  is  probable  that  this  rock  is  of  sedimentary  origin.  The  porphyritic  rock, 
while  fairly  massive  on  the  whole,  is  somewhat  foliated  near  the  contact  with  the  schist, 
indicating  probably  that  the  intrusion  took  place  just  before  the  cessation  of  the  shearing 
or  folding  movements  which  produced  foliation.  The  contact  is  not  sharp  and  simple; 
the  schist  was  probably  injected  near  the  main  porphyry  mass  by  narrow  dikolet^  of  the 
porphyry,  and  the  subsequent  foliation  has  produced  a  mingling  of  the  two  rocks.  In  its 
present  somewhat  decomposed  condition  the  rock  consists  of  a  fine-grained  mosaic  of  quartz, 
sericite,  epidote,  and  some  zoisite,  in  which  are  imbedded  large  phenocrystic  grains  of 
quartz  and  of  turbid  feldspar,  both  orthoclase  and  oligoclasc.  A  little  biotite  was  probably 
present,  but  is  now  decomposed.  .•This  rock  may  be  designated  a  quartz-monzonite 
porphyry,  and  is  probably  closely  related  to  the  tuffs  which  occur  at  the  Haile  and  Colossus 
mines.  The  diabase  is  doubtless  much  later  than  either  of  the  other  rocks.  Granite  is 
known  on  the  surface  about  one-fourth  mile  to  the  north. 

The  ore  of  the  Blackmon  mine  is  a  zone  of  sericite  schist  occurring  at  the  contact  with 
the  quartat-monzonite  porphyry.  Small  siliceous  lenses  between  the  folia  of  the  schist, 
averaging  one-eighth  inch  wide  and  one-half  inch  long,  have  been  formed,  partly  by  filling 
and  partly  by  replacement.  Where  this  silicification  is  most  marked  tlie  grade  of  ore  is 
best.  A  small  amount  of  pyrite  accompanies  the  quartz  and  may  carry  gold,  but  the 
principal  value  is  as  free  gold  usually  in  tiny  grains  or  flakes.  In  this  ore  zone  the  schist  has 
a  bright,  vivid  appearance — the  colors  are  striking,  ranging  from  delicate" grays  and  pinks, 
resembling  mother-of-pearl,  to  beautiful  brilliant  greens — and  the  rock  is  lustrous.  Pass- 
ing into  the  hanging  wall  to  the  more  normal  rock,  the  bright  colors  fade  to  dull  grays  and 
the  hardness  decreases.  Narrow  bands  of  quartz,  true  veins  of  filling,  occur  here  and  there 
in  the  ore  body.  They  carry  a  little  pyrite,  but  practically  no  gold.  As  in  the  case  of  all 
the  mines  thus  far  described,  the«e  barren  quaitz  veins  appear  to  be  of  a  little  later  forma- 
tion than  the  silicification  which  produced  the  ore.  Between  the  ore  body  and  the  fairly 
massive  porphyry  there  is  a  zone  perhaps  5  to  20  feet  thick,  which  forms  the  foot  wall.  In 
appearance  it  resembles  the  dull  or  "dead"  schist  of  the  hanging  wall,  but  it  is  found  to 
pass  gradually  into  the  unfoliated  porphyry,  and  the  microscope  shows  that  it  is  of  the 
same  composition.  It  is  pretty  thoroughly  impregnated  with  small  cubes  of  pyrite,  but 
carries  only  slight  gold  values.  The  density  of  the  schist  and  the  stability  of  its  composi- 
tion have  resulted  in  excluding  surface  waters  from  the  gi'eater  part  of  the  ore  body  and  the 
sulphides  are  in  general  unoxidized.  But  along  certain  fracture  planes  decomposition  has 
converted  the  sericite  into  kaolin,  the  so-called  "talc"  of  the  miners.  As  a  consequence 
great  masses  of  ore,  bounded  by  and  resting  on  these  sheets  of  soft  and  exceedingly  slippery 
material,  are  continually  tending  to  slide  in  and  wreck  the  workings,  and  it  is  only  by  the 
strongest  timbering  that  some  portions  of  the  workings  are  maintained.  Another  serious 
obstacle  to  economical  mining  which  arises  from  the  character  of  the  ore  is  the  diflficulty 
of  obtaining  good  results  from  blasting.  The  rock  is  so  schistose  that  drilling  can  be  done 
practically  only  at  a  large  angle  to  the  plane  of  foliation.  A  water  Leyner  drill  has  been 
put  in  and  in  this  rock  works  far  better  than  hand  drills  or  ordinary  machine  drills.  But 
even  when  the  holes  are  obtained,  it  is  almost  impossible  to  get  the  powder  to  do  more  than 
shatter  and  loosen  great  slabs  of  the  schist,  which  are  still  left  wedged  in  place  almost  as 
firmly  as  before.  Time  and  experience  may  disclose  some  more  efficient  manner  of  placing 
or  loading  the  holes  than  has  yet  been  discovered. 

The  ore  body  is  a  zone  of  altered  schist  parallel  to  the  dip  and  strike  of  the  schist  of  the 
region  and  to  the  contact  with  the  quartz-monzonite  porphyry.    Measured  horizontally. 
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the  mass  that  can  be  considered  ore  has  an  average  width  of  35  feet;  it  has  been  opened 
along  the  strike  for  300  feet  and  may  extend  farther  to  the  northeast.  To  the  southwest 
it  reaches  practically  to  the  diabase  dike,  but  not  beyond  it,  so  far  as  present  explorations 
have  shown.  As  mined  across  this  width  the  ore  will  average  about  $2  per  ton.  A  richer 
streak  occurs  not  far  from  the  foot  wall;  it  is  usually  green  in  color  and  is  more  siliceous 
than  most  t)f  the  ore,  a  fracture  face  across  the  foliation  showing  small  siliceous  lenses 
enmeshed  in  the  sericite  matrix.  In  this  rich  streak,  about  25  feet  northeast  of  the  dike  on 
the  113-foot  level,  a  bunch  of  $35  ore  was  found.  The  values  gradually  decrease  toward 
both  foot  and  hanging  walls.  While  the  change  from  pay  ore  to  unprofitable  rock  is  not 
sharp  and  distinct,  it  is  fairly  abrupt,  and  there  is  little  difficulty  in  recognizing  the  approxi- 
mate fine  where  pay  values  cease.  The  size  and  richness  of  the  ore  body  appear  to  be 
holding  out  well  with  depth,  and  if  the  difiicultics  experienced  in  breaking  and  holding  the 
ground  can  be  overcome  and  the  values  can  be  successfully  recovered  by  amalgamation,  as 
seems  thus  far  to  have  been  the  case,  there  is  reason  to  expect  that  the  future  of  this  little 
mine  should  be  bright.  But  developments  are  not  yet  sufficiently  extensive  to  warrant 
any  very  far-reaching  prognostications. 

Apparently  the  ore-bearing  solutions  which  produced  this  deposit  were  intimately 
related  to  the  quartz-monzonito  porphyry  and  closely  followed  the  intrusion  of  that  rock. 
Another  peculiarity  of  this  deposit  which  distinguishes  it  from  those  alreaxly  described  is 
that  the  gold  ocxjurs  principally  native,  the  pyrite  cariying  very  little  value.  While  this 
deposit  can  be  regarded  only  as  a  replacement  of  the  schist,  in  a  way  it  approaches  rather 
closely  to  the  group  which  have  been  formed  by  the  filling  of  fissures,  and  with  the  Ferguson 
mine,  described  on  pages  96-99,  constitutes  a  close  bond  between  the  replacement  deposits 
and  the  vein  deposits. 

KINGS  MOUNTAIN   MINE. 

This  celebrated  mine,  first  known  as  the  Briggs  a  mine,  and  more  recently  as  the  Catawba  b 
mine,  is  situated  in  Gaston  County,  N.  C,  near  the  western  foot  of  Kings  Mountain  and 
about  2  miles  south  of  Kings  Mountain  station.  It  has  not  been  in  operation  for  a  number 
of  years  and  was  filled  with  water  and  inaccessible  when  visited  by  the  writer.  The  follow- 
ing descTiption  is  based  mainly  on  the  observations  of  others. 

The  mine  was  dis<'overod  in  1834  c  and  was  successfully  worked  for  several  years  h}-  the 
discoverer,  Mr.  Briggs.^/  Later  Commodore  Stockton,  who  seems  to  have  l)een  a  moving 
spirit  in  the  gold-mining  industry  of  this  region,  operated  the  mine  for  a  number  of  years. 
Work  was  necessarily  stopped  during  the  war,  but  two  or  three  years  after  its  close  a  20- 
stamp  mill  of  the  California  type  was  built. ^  It  is  worthy  of  note  that  this  was  practically 
the  first  adaptation  of  western  practice  to  the  ores  of  the  East./  Work  continued  at 
intervals  up  to  1895,  since  which  time  nothing  has  been  done.  It  is  said  that  the  property 
is  now  involved  in  litigation  among  persons  in  Richmond,  Va. 

As  is  the  case  with  nearly  all  the  southern  mines,  no  actual  records  of  production  have 
been  kept.  Kerr  in  1875<7  stated  that  the  production  had  l)een  over  a  million,  while  Pro- 
fessor Hanna,  who  luks  been  for  many  years  in  charge  of  the  United  States  assay  office  at 
Charlotte,  N.  C,  and  who  is  probal)ly  best  able  to  judge  of  the  output  of  the  Carolina  mines, 
estimates  the  production  of  the  Kings  Mountain  mine  at  $7.50,000  to  $900,000.^ 

Tlie  amount  of  development  can  only  be  inferred  from  the  incomplete  descriptions  of 
former  writers.  There  are  at  least  six  shafts  on  the  property.  The  two  principal  ones  are 
the  Holliday  shaft,  3,*^)  feet  deep,  and  the  Rock  or  pump  shaft,  about  120  feet  to  the  south- 
west, also  330  feet  deep.  All  the  shafts  are  vertical  and  are  sunk  in  the  hanging  wall  of 
the  deposit.     The  main  workings  center  about  the  Rock  shaft.     Crosscuts  to  the  vein  and 

a  Licbor,  op.  cit.,  vol.  J,  p.  92. 

ft  Kerr  and  Hanna.  Kept.  .North  Carolina  Geol.  Survey,  vol.  2,  1888,  p.  304. 
f  Nitze  and  llanna,  Bull.  North  Carolina  (Jool.  Surrey  No.  3,  1896,  p.  147. 
d  Liebor,  op.  cit.,  vol.  1,  p.  92. 

f  Kerr.  W.  C,  Rept.  (ieol.  Survey  North  Carolina,  vol.  1,  1875,  p.  280. 
/Cf.  Nitze  and  Wilkens,  Hull.  North  Carolina  Geol.  Survey  No.  10,  1897,  p.  35. 
if  hoc.  cit. 

ft  Nitze  and  Ilanna,  Bull.  North  Carolina  Gcol.  Survey  No.  3,  1896,  p.  147.  Becker,  G.  F.,  Gold  fields 
ot  the  Southern  AppalacMans;  SUteeath.  Ann.  Rept.  u.  S.  Geol.  Survey,  pt.  3, 18»5,  p.  309. 
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levels  on  the  vein  have  been  run  from  the  Rock  shaft  at  a  depth  of  140  feet,  mostly  to  the 
southwest,  and  from  the  270-foot  and  330-foot  levels  to  the  northeast  to  connect  with  the 
Holliday  shaft.  There  are  two  shallower  shafts  farther  northeast  and  two  southwest  of 
these  workings.  A  large  amount  of  stoping  has  been  done  on  each  side  of  the  Kock  shaft. 
Considerable  decomposed  rock  from  the  outcrop  of  this  deposit  southwest  of  the  Rock  f*ha.(t 
has  Ix^en  removed  and  washed  in  rockers.  Besides  a  shaft  house,  hoist,  steam  pump,  and 
Cornish  pump  at  the  Rock  shaft,  there  is  a  substantial  30-stamp  mill  with  concentrating 
tables. 

The  geology  is  not  well  shown  by  surface  exposures.  As  this  mine  is  situated  on  the 
slope  of  the  Kings  Mountain  Range,  the  rocks  all  strike  to  the  northeast,  and  at  this  place 
the  dip  is  northwest.  A  somewhat  micaceous  schbt  incloses  an  interstratificd  bed  of  lime- 
stone. The  limestone  is  impure  and  schistose  and  is  often  closely  interbanded  with  the 
biotite  schist.  The  limestone  is  shot  through  with  interlaminat«d  stringers  of  quartz  and 
is  somewhat  silicified  and  pyritized,  especially  along  the  planes  of  most  intense  foliation. 
A  zone  of  impure  graphite,  in  many  places  heavily  impregnated  with  coarse-grained  pyrite, 
underlies  the  limestone.  Southwest  of  the  Rock  shaft  the  ground  is  strewn  with  lumps  of 
iron  oxide,  probably  derived  from  the  decomposition  of  pyrite.  Some  of  this  iron  is 
naturally  magnetic.  There  are  indications  of  a  small  lateral  fault  south  of  the  Rock  shaft, 
by  which  the  northeast  side  of  the  vein  is  thrown  10  to  12  feet  to  the  southeast.  It  has 
been  said  that  a  granitic  dike  was  encountered  in  the  workings.^  This  might  be  a  dike  of 
pegmatite,  which  occurs  abundantly  a  mile  or  so  to  the  northwest. 

The  richest  ore  of  the  Kings  Mountain  mine  is  contained  in  the  narrow  veins  or  stringers 
of  quartz  bearing  gold  and  auriferous  pyrite.  These  seem  to  have  been  rather  more 
abundant  in  the  upper  portion  of  the  mine  than  at  the  depth  where  the  last  work  was  done. 
The  inclosing  schistose  limestone,  however,  has  been  sufficiently  penetrated  by  the  solutions 
which  circulated  in  the  veins  to  have  deposited  in  it  as  impregnations  enough  gold  and 
pyrite  to  make  it  an  ore.  In  the  upper  decomposed  portion,  which  is  stained  by  the  oxida- 
tion of  the  iron  sulphides  and  called  "brown  ore,"  the  gold  occurred  free,  and  so  long  as 
amalgamation  was  the  only  recovery  process  employed,  this  ore  was  eagerly  sought  for. 
There  is  no  doubt,  however,  that  this  oxidized  ore  was  really  richer  than  the  corresponding 
unchanged  ore  below.  The  quartz  stringers  were  so  charged  with  pyrite  that  when  that 
mineral  oxidized  they  were  hone^'^combed  and  crumbled  almost  as  easily  as  the  softer 
decomposed  schists,  and  thus  the  whole  outcrop  could  be  easily  worked  in  rockers.  It  was 
only  when  development  penetrated  fresher  rock  that  the  presence  of  limestone  was  dis- 
covered. Whether  the  appearance  of  limestone  at  some  depth  is  to  be  attributed  to  the 
fact  that  it  is  a  lens-like  body,  not  reaching  to  the  surface,  or  that  it  was  sufficiently  impure 
to  furnish,  on  oxidation  and  solution,  the  residual  material  occurring  near  the  surface,  it  is 
impossible  to  decide,  but  the  latter  seems  the  more  reasonable  conclusion.  Alternating 
bands  of  Hmestone  and  schist,  when  carrying  workable  values,  were  known  as  "calico  ore.'* 
Both  in  the  quartz  and  the  impregnated  limestone  other  mineral^  were  present  in  addition 
to  pyrite.  Pyrrhotite,  chalcopyrite,  galena,  and  zinc  blende  were  not  uncommon,  and 
among  the  rarer  ore  minerals  were  niispickel,  tctrahedrite,  nagyagite,  altaite,  and  bismite; 
and  besides  the  ca,lcite  and  graphite  of  the  limestone  were  the  gangue  minerals — quartz, 
sericite,  and  fluorite.  The  mineralogical  character  is  thus  seen  to  have  been  pretty  complex. 
Whether  the  ore-bearing  solutions  differed  correspondingly  from  that  type  of  solution 
which  seems  to  have  formed  most  of  the  other  gold  deposits  of  the  region,  or  whether  the 
difference  lies  in  the  greater  chemical  instability  of  the  limestone,  it  is  impossible  to  deter- 
mine. The  fact  that  arsenic,  antimony,  and  tellurium  have  not  been  found  in  the  other 
mines  described  would  lead  to  the  conclusion  that  the  solutions  were  of  different  character, 
while  the  presence;  of  bismuth  compounds  at  the  Brewer  mine  and  of  fluorite  at  the  Schlegel- 
milch  and  the  general  character  of  the  Kings  Mountain  deposit,  make  it  easy  to  believe 
that  the  two  classes  of  deposits  are  intimately  related  in  origin.  Chalcanthite,  which  is 
present  as  a  coating  on  the  stope  walls,  has  doubtless  been  derived  from  oxidation  of  the 


a  Becker,  G.  F.,  op.  cit.,  p.  309. 
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chalcopyrite,  and  needles  of  cpidoto,  found  in  some  of  the  decomposed  porous  ore  are 
perhaps  likewise  of  secondary  origin. 

This  ore  has  a  rather  wide  range  of  values,  assays  showing  from  a  trace  up  to  over  $75 
per  ton.  u  It  is  said  that  the  ore  as  mined  averaged  perhaps  $4  to  $6  per  ton. »  Of  this, 
not  over  $3  was  saved,  '>  largely,  it  is  said,  hecause  the  graphitic  material  of  portions  of  the 
ore  prevent<^d  the  amalgamation  of  much  of  the  fiagj  gold.  The  concentrates  ran  $35  to  $40 
per  ton.  The  amount  of  silver  in  the  ore  was  verj^mall,  but  was  approximately  propor- 
tional to  the  amount  of  gold. 

The  pre  body  consisted  at  the  surface  of  the  siliceous  iron  gossan,  and  in  depth  of  the 
impregnated  schistose  limestone  and  the  quartz  stringers  in  it.  It  was  parallel  to  the 
foliation  of  the  rocks,  striking  about  N.  40°  E.  and  dipping  45°  to  55°  NW.  This  body 
reached  in  places  a  width  of  60  feet.  It  consisted  in  reality  of  five  known  shoots  of  richer 
ore,  especially  penetrated  by  gold-bearing  quartz  stringers,  and  generally  near  the  graphite 
foot  wall,  togethtT  with  the  poorer  material  which  occurred  between  and  along  the  walls 
of  tliese  shoots.  It  is  said  that  a  stope  begins  near  the  surface  at  one  of  the  old  rocker  pit«, 
200  feet  southwest  of  the  Holliday  shaft,  extends  beyond  that  shaft,  probably  400  feet 
in  all,  and  gradually  deepens  to  the  northwest  till  at  the  Holliday  shaft  it  is  330  feet  from 
the  surface.  The  writer  was  told  by  Mr.  R.  Hufstickler,  one  of  the  former  miners,  that 
some  of  the  best  on?  in  the  mine  was  left  in  the  bottom  of  a  30-foot  winze  below  the  bottom 
level  when  work  was  last  stopped.  Beyond  this  meager  statement  nothing  can  be  said  as 
to  the  possible  extent  of  this  ore  body  or  the  future  of  the  mine. 

FERGUSON   MINE. 

The  Ferguson  mine  is  situated  in  the  northwest  comer  of  York  County,  S.  C,  about  7 
miles  by  road  northeast  of  Kings  Creek  station,  on  the  Three  C's  branch  of  the  Southern 
Railway,  and  about  11  miles  southeast  of  Grover,  N.  C,  on  the  main  line  of  the  Southern. 
It  is  owned  by  Messrs.  Frank  <&  Dover,  who  are  operating  it  at  the  present  time,  c 

This  mine  has  been  known  for  some  time  and  was  worked  some  years  ago  by  Maj.  John  F. 
Jones,  of  Blarksl)urp,  who  is  suid  to  have  hauled  1,500  tons  of  the  ore  to  that  place  for  treat- 
ment. Recently  it  ims  been  taken  up  by  the  present  owners.  In  addition  to  four  old 
incline  shafts  sunk  on  the  vein,  that  to  the  southwest  being  the  deepest  (80  feet),  a  new 
vertical  shaft  1(K)  feet  deep  has  been  sunk  in  the  hanging  wall  and  a  crosscut  run  60  feet  to 
the  vein,  on  which  stopin^  is  beinj^;  done  in  a  small  way,  really  as  exploration  or  development 
work.  The  surface  improvements  include  a  stamp  mill  (five  stamps  in  place  and  foundation 
ready  for  five  additional)  with  Wilfley  table,  and  a  cyanide  plant,  besides  head  frame  and 
hoisting  engine  at  the  shaft. 

The  geologic  Halations  were  only  partially  grasped  in  the  short  time  spent  at  the  mine, 
and  it  rc(|uired  microscopic  study  of  the  specimens  collected  to  reach  the  opinions  now 
held.  The  Ferguson  vein  lies  approximately  at  the  contact  between  amphibolite  and  a  por- 
phyritic  tulT,  both  of  which  have  l)een  subjected  to  much  foliation.  The  amphibolite, 
which  lies  on  the  southcikst,  is  a  rather  massive  dark  rock,  which  at  close  view"  is  seen  flecked 
all  through  with  small  light-colored  particles.  Toward  the  contact,  which  strikes  about 
N.  40°  E.  and  flips 05°  to 75°  SE.,  tlie  foliation  is  more  marked  and  the  rock  becomes  slaty. 
The  lack  of  sharpness  at  the  contact  with  the  porphyritic  tuff"  maybe  an  indication  that  the 
amphibolite  has  been  derived  from  a  nx-k  which  was  also  tufl'aceous  or  brecciated,  but  certain 
remains  of  igneous-rock  structure  make  it  probable  that  the  original  rock  was  a  diorite  or 
gabbro.  The  tulT,  which  wcurs  on  the  northwest  side  of  the  contact  and  outcrops  in  the 
stream  some  distance  west  of  t  he  mine,  is  of  gray  color  with  a  silvery  luster,  and  has  a  decided 
fissility  or  schist  osity  which  may  correspond  to  original  bedding  of  the  tuff.  The  fresh  and 
glistening  rock  from  underground  is  called,  as  at  other  mines,  "fish-scale  slate."  The 
mineral  fragments  which  make  up  this  rock  show  that  the  massive  equivalent  would  be  a 
quart  z-inonzonite  porphyry.  It  is  practically  identical  with  the  tuff  at  the  Colossus  mine 
and  pro])ably  the  same  as  that  at  the  llaile.     There  seems  to  have  been  a  zone  of  especially 

a  Nitze  and  llftnim.  Bull.  North  Carolina  Oeol.  Survey  No.  3,  1896,  p.  147. 
fcNitze  and  Wilkcna.  Bitll.  North  Carolina  Geol.  Survey  No.  10,  1897,  p.  67. 
<^  According  to  report,  this  mine  was  closed  down  in  1906. 
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marked  foliation  at  the  contact  of  the  two  rocks  or  just  within  the  amphibolite.  The  result 
is  a  band  of  exceedingly  schistose  rock  of  light-green  color  and  lustrous  surface,  composed 
very  largely  of  sericite  but  containing  also  quartz  and  epidote.  It  seems  probable  that 
this  product  is  the  outcome  not  only  of  the  shearing  but  of  the  action  of  the  vein  solutions. 
This  zone  outcrops  noticeably  on  the  surface  southwest  of  the  shaft  and  is  reached  under- 
ground at  the  bottom  of  the  shaft. 

The  Ferguson  ore  deposit  lies  principally  in  the  porphyritic  tuff.  It  would  at  first  be  taken 
as  a  representative  of  the  fismire-vein  type,  and  so  it  is;  but  it  is  more  than  that.  By  the 
deposition  of  quartz  as  a  filling  of  space  it  represents  the  fissure  veins  and  by  the  impregna- 
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Fio.  11.— Sketch  of  vein,  vertical  section,  Ferguson  mine,  winze,  looking  northeast. 

tion  of  the  fissure  walls  by  the  ore-bearing  solutions  it  stands  as  a  close  link  to  the  replace- 
ment deposits.  In  fact,  if  the  quartz  lenses  could  be  completely  removed,  there  would 
remain  a  small  and  low-grade  replacement  deposit,  similar  in  character  to  those  of  the  Haile 
and  Colossus  mines.  The  ore  is  thus  of  two  kinds — vein  quartz  carrying  good  values  and 
adjoining  wall  rock  (cf.  pp.  59-61)  carrying  just  about  enough  gold  to  pay  for  miUing  what 
is  broken  rather  than  sorting  it  out.  The  quartz  ore  from  the  vein  carries  only  a  slight 
amount  of  free  gold  where  it  is  unoxidized;^  but  the  proportion  of  pyrite  is  rather  large, 
averaging  about  10  per  cent.  The  pyrite  occurs  plentifully  within  the  quartz,  but  shows  a 
marked  tendency  to  segregate  near  the  vein  walls  and  in  many  cases  it  occurs  in  the  wall 
rock  just  outside  the  quartz.     Fig.  11  is  a  sketch  of  one  side  of  the  winze  which  is  being  sunk 


o  Mr.  Frank  informed  the  writer  that  he  had  rever  seen  a  particle  of  native  gold  in  the  undecom- 
posed  ore  from  this  mine.    Amalgamation  tests  have  yielded  II  per  ton. 

Bull.  293—06 7 
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from  the  KKV-foot  level.  The  quartz  body  represented  continues  upward  toward  the 
observer  and  downward  away  from  the  observer;  like  nearly  all  the  quartz  lenses,  it  has  a 
pitch  to  the  northeast  in  the  vein.  The  irregularities  shown  in  the  figure  indicate  that 
replacement  has  gone  on.  Besides  the  pyrite  which  can  be  shown  in  the  ^etch,  minute 
crystals  are  scattered  through  the  wall  rock  and  doubtless  contribute  to  it  a  small  amount  of 
gold.  The  tuff  is  silicified,  too,  as  in  the  other  replacement  deposits.  Filling  is  indicated, 
on  the  other  hand,  by  the  fact  that  some  of  the  solid  bodies  of  quartz  include  fragments  of 
the  wall  rock  with  foliation  not  corresponding  to  that  of  the  walls  in  place.  Moreover,  in 
the  roof  of  the  crosscut  from  the  shaft,  just  where  it  reaches  the  vein,  the  quartz  adjoins 
amphibolite  instead  of  tuff.  Here  the  pyrite  is  mainly  contained  in  the  quartz;  the  contact 
between  quartz  and  amphibolite  is  sharp  and  is  defined  by  a  narrow  band  of  black  biotiU 
scales  which  separate  the  two  and  which  have  doubtless  been  formed  from  the  amphibolite 
by  the  action  of  the  vein  solutions.  Under  the  microscope  this  biotite  possesses  the  clear 
chestnut^brown  color  characteristic  of  contact-metamorphic  biotite.  Here  and  there  the 
vein  quartz  contains  little  flakes  or  tufts  of  sericitc,  which  have  the  appearance  of  being 
contemporaneous  with  the  quartz,  but  the  evidence  is  not  certain.  A  few  tiny  flat  crystals  of 
black  ilmenite  occur  in  the  quartz.  This  strengthens  the  relation  between  the  gold-quartz 
veins  and  those  ilmenite-bearing  quartz  veins  which  are  not  known  to  be  aiuiferous.  (See 
pp.  64-65.)  Numerous  crystalline  grains  of  apatite  in  the  replacement  portion  of  the  deposits 
emphasize  the  similarity  to  the  Haile  mine  and  suggest  relation  to  the  Dahlonega  deposits, 
where  apatite  occurs  in  the  veins  (p.  124).  Where  the  vein  cuts  amphibolite,  the  original 
magnetite  (or  ilmenite?)  of  the  rock  is  in  many  instances  partly  or  completely  replaced  by 
pyrite,  and  in  a  few  cases  magnetite  has  been  deposited  on  the  pyrite.  In  the  amphibolite 
near  the  vein  are  scattered  small  bunches  of  crystalline  calcite,  surrounded  by  dark-green 
specular  or  micaceous  chlorite,  heavily  impregnated  by  p3rrite;  this  is  undoubtedly  a 
product  of  the  vein  solutions. 

The  pyrite-bearing  quartz  ore  from  the  vein  averages  $10  to  $15  per  ton.  The  replaced 
wall  rock,  impregnated  by  silica  and  pyrite,  averages  about  $3.  The  amphibolite  wall  rock 
is  said  to  average  $1.50  per  ton  and  the  sheared  scricite  zone  in  the  amphibolite  $2.  The 
concentrates  average  SKX)  and  perfectly  clean  pyrite  $150  to  $175  per  ton. 

So  little  of  the  gold  is  fnx;  that  amalgamation  is  not  practiced.  The  pulp,  stamped  to 
15-mesh,  is  run  direct  to  the  Wilfley  table.  The  headings  are  stored,  in  the  prospect  of 
being  either  shipped  or  roasted  and  cyanided  on  the  ground.  The  tailings  are  run  to  a 
pneumatic-cone  s<^parator,  where  the  slimes,  averaging  15  per  cent  of  the  tailings  and  run- 
ning $20  per  ton,  are  taken  out  and  cyanided  during  mechanical  agitation,  while  the  sands, 
carrying  SO  to  $7  in  gold,  are  treated  with  strong  cyanide  solution  without  agitation.  It  is 
understood  that  the  process  is  not  yet  wholly  satisfactory.  Possibly  more  careful  crushing 
to  avoid  sliming,  more  efiicient  concentration  and  classification,  and  then  roasting  of  all  the 
headings  and  subst»quent  lixiviation  might  give  a  better  extraction  at  perhaps  no  greater 
cost. 

The  ore  bodies  of  the  Ferguson  mine,  like  the  other  fissure-vein  deposits,  are  influenced  in 
their  form  by  the  stnjcture  of  the  surrounding  rocks.  In  this  case  their  form  has  been  fur- 
ther modified  by  the  efTecf  s  of  replacement.  The  result  is  iiidely  lenticular  masses  of  quartz 
surrounded  by  low-grade  zones  of  replaced  wall  rock.  Four  of  these  lenses  are  known  and 
have  been  worked  to  some  extent  by  separate  shafts.  Only  one,  the  northeastern  most,  is 
now  being  explored.  Present  work  is  being  carried  on  as  the  downward  continuation  of  a 
former  stope.  On  the  100-foot  level  this  stope  is  4  to  8  feet  wide  and  25  to  35  feet  long.  It 
reaches  upward  to  tlie  surface  and  has  been  explored  30  feet  below  the  level  by  an  inclined 
winze  sunk  on  the  pitch  of  the  shoot,  which  is  steep  to  the  northeast.  This  work  is  being 
carried  on  solely  with  the  idea  of  exploration,  but  in  the  hope  that  by  following  the  ore  it  will 
pay  for  itself.  The  winze  will  be  carried  down  to  the  200-foot  point  if  the  ore  continues,  in 
which  event  the  shaft  will  be  sunk  another  100  feet  and  connected  with  the  vein.  If  the 
present  dip  of  the  vein  continues,  the  shaft  should  cut  the  vein  at  approximately  300  feet. 
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If  the  pitch  of  the  other  ore  shoots  likewise  persists,  they  should  all  he  within  easy  strikiiig 
distance  of  the  shaft  at  that  depth.  The  plan  therefore  is  to  explore  this  northeastern  ore 
shoot  t^  the  300-foot  level  and,  if  it  proves  satisfactory,  to  tap  the  other  shoots,  in  the  hope 
that  they  are  similar  to  the  first.  The  policy  here  adopted  of  exploring  hy  following  the  ore, 
rather  than  hy  sinking  and  crosscutting  in  the  hope  of  striking  it,  is  to  be  heailily  recom- 
mended in  this  region  of  irregular  and  nonpersistent  deposits.  The  foresight  with  which  the 
shaft  has  been  located  and  future  work  planned  is  a  gratifying  exception  to  the  way  in  which 
most  of  the  gold-mining  enterprises  of  the  South  have  been  started. 

Tlie  structural  and  other  outward  features  of  this  deposit  strongly  resemble  those  at  many 
of  the  mines  in  the  greenstone  schists  of  central  Ontario,  where  quartz  veins  carry  auriferous 
pyrite. 

Some  specimens  of  vein  quartz  from  a  deposit  about  one-half  mile  to  the  poutheast  of  the 
Ferguson  shaft — probably  what  is  known  as  the  Ophir  mine — contained  free  gold  not 
derive<l  from  the  decompositicm  of  pyrite,  although  some  pyrite  was  present.  Some  of  tliis 
ore  is  said  to  be  very  rich .  Two  hundred  tons  have  been  hauled  to  the  Ferguson  miU.  About 
300  tons  shipped  to  the  smelter  at  Norfolk,  Va.,  are  said  to  have  given  returns  of  $25  per  ton. 

BROWN   MINE. 

This  mine,  situated  in  York  County,  S.  C,  about  4  miles  south  of  Hickory  Grove  station  on 
the  Southern  Railway,  is  owned  by  Mr.  W.  E.  C.  Eustis,  of  Boston.  It  was  once  worked  by 
Mr.  Fred  Frank,  now  part  owner  of  the  Ferguson  mine,  who  took  out  some  good  ore  and 
made  some  money  out  of  it.  Tlie  production  is  not  known — probably  a  few  thousand. 
Three  sliafts  and  their  workings  and  a  crosscut  tunnel,  aggregating  something  like  1,500  feet 
of  exploration  work,  comprised  the  development  before  the  present  owner  took  control. 
Since  then  an  80-foot  inclined  shaft  has  l)een  sunk.  Work  was  abandoned  in  1905,  after  a 
small  amount  of  ore  had  been  taken  out. 

The  country  rock  was  probably  an  amphiboUte,  but  the  only  obtainable  specimens  which 
had  not  been  affected  by  weathering  were  so  near  the  vein  that  they  had  suffered  marked 
alteration  by  the  vein  solutions.  The  rock  thus  produced  is  dark  gray,  somewhat  foliated, 
and  resembles  many  granitic  gneisses.  It  is  composed  of  abundant  feldspar,  mostly  micro- 
cline  and  nlbite ;  plentiful  small  flakes  of  biotit«  of  the  contact-metamorphic  variety ;  numer- 
ous grains  of  epidote  and  almost  as  much  zoisite,  in  short,  stout  crystals;  and  occ^onal 
grains  of  titanite.  Lenticular  aggregates  of  quartz,  numerous  grains  of  pyrite,  and  sparing 
pyiThotite  have  probably  been  deposited  by  the  vein  solutions. 

The  vein,  which  strikes  approximately  N.  45°  E.  and  dips  about  70°  NW.,  is  parallel  to  the 
fohation  of  the  amphibolite  country  rock.  Its  dip  is  not  constant,  flattening  somewhat  at 
about  30  feet,  then  st^^epening  again  at  a  depth  of  70  to  75  feet. 

W^ith  the  exception  of  disintegration,  resulting  from  dccompositfon  of  the  vein  and  the  sur- 
rounding rock,  the  vein  is  well  defined  near  the  surface,  being  a  solid  mass  of  pyritiferous 
quartz  about  3  feet  wide.  In  one  place,  however,  near  the  old  Frank  incline,  a  lateral  offset 
or  jog  of  about  12  feet  occurs,  l)oth  at  the  outcrop  and  underground.  The  description  of  this 
ocx*urrence  underground  is  interesting  as  throwing  light  on  the  structure  of  these  interfoli- 
ated  veins  in  schist.  On  the  surface  the  vein  is  continuous  but  crooked  (see  A^  fig.  12),  while 
undergiound  at  the  80-foot  level  the  vein  breaks  up,  probably  somewhat  as  shown  in  B, 
fig.  12.  These  sketches  arc  based  on  description  of  the  behavior  of  the  vein,  supplemented  by 
what  was  visible  on  the  surface  at  the  time  the  mine  was  visited  and  on  assumptions  drawn 
from  occurrencx>s  at  other  portions  of  the  vein.  The  influence  of  jointing  has  certainly  been 
marked.  A  and  B,  fig.  13,  represent  what  might  possibly  be  the  case  at  depths  of  200  and 
300  feet,  respectively.  This  series,  hypothetical  with  the  exception  of  -4,  fig.  12,  is  intended 
to  represent  the  variations  in  structure  which  may  take  place  in  a  vein  in  a  comparatively 
short  distance.  It  also  shows  how  such  apparently  disconnected  lenses  as  occur  in  the 
Schlegelmilch  mine  (fig.  14)  are  in  reality  all  connected,  and  it  emphasizes  the  advisability  of 
following  stringers  or  offshoots  if  the  main  vein  gives  signs  of  pinching  out. 
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There  is  evidence  in  other  part  suf  the  workings  of  the  vein  liaving  pineheil  and  olFsi.*! ,  as  in 

A,  fipf.  12.     A  crosscut  tunnel  from  the  northwest  ])asses.  at  a  depth  of  (»0  ft»et.  tin*  }x»int 

where  the  vein  ought  to  \x\  without  cutting  anvtliing  hut  stringers,  ahhougli  the  vt-in  <HTurs 

with  normal  width  on  each  side  of  this  place  on  the  surface,     it  is  prohahle  that  this  gap  i.s 
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Fio.  IJ.- -Dia^runiiiiHtic  sketch  j>l{m  fif  voiii  at  Itrowii  iniiic.  .1.  Vein  at  siirfaiv.  Blio\viMi:(ilTsrt  <lu«»tn 
pn'SJ-nci'of  oiu'itn'tiominuiiT  joint  [»laMi>;  pra«'tically  ii'>  faulting,  H,  V<'in  al  «io|)tli  of  m.)  fi-it  .slu)\vir:f; 
pinching  a  long  otifjilain- of  foliation  a  n«l  i-oniinii;itionalon;:ariothfr;  aJ»ioinflut'iuT  rif  niiuifr<>iisroi>r- 
Miiiafr  joints  in  loading  tho  sohitions  fri)iii  orio  main  frai-tun-  to  thiMMluT. 

lH>rii'.oni!iI  rather  than  viTiical,  for  it  (■urre-ipt)n<ls  in  position  to  agapencountfTcd  in  tln'  m  \v 
incline  a  sliort  dislaiUM'  to  tlu-  M>uth\\<'si.  In  -inking  this  n<'W  shaft  tlie  vein  was  followoil 
downward  at  n't^  to  a  depth  of  alKUit  5.0  feel .  whero  it  pinched  <»ut.  It  had  lK«en  notic^'d  lliat 
little  joint  plant's  or  cn-viccs  hrancliod  olf  into  the  foot  wall,  s<.>  the  shaft  was  steepened; 
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soon  a  Darrow  stringer  dipping  about  70°  was  picked  up  and  followed.  This  stringer 
widened,  and  in  a  few  feet  had  attained  the  proportions  of  the  main  vein.  At  80  feet 
another  irregularity  occurred,  and  work  was  stopped  at  that  point  without  determining  the 
nature  of  the  difficulty.  A  few  feet  southwest  of  the  new  incline  the  vein  gives  out.  The 
miners  believe  that  faulting  has  taken  place,  and  such  may  be  the  case,  but  it  may  be  that 
pinching  alone  is  the  cause,  in  which  case  a  small  amount  of  surface  trenching  ought  to 
expose  the  continuation  of  the  vein. 

The  ore  at  this  mine  is  con- 
fined wholly  to  the  fissure 
filling.  The  massive  quartz 
contains  pyrite — in  some 
places  a  large  proportion — of 
various  degrees  of  perfection 
of  crystal  form .  The  sulphide 
carries  the  great  portion  of 
the  gold.  One  peculiarity  of 
the  decomposition  of  the 
pyrite  at  this  mine  is  the  for- 
mation of  crystalline  sulphur 
(see  p.  64).  Tlie  ore  as 
broken  nms  $4  to  $7  per  ton, 
although  some  heavy  sulphide 
portions  have  been  much 
richer.  Sorting  raises  the 
average  value  to  about  $12, 
the  quartz  without  pyrite 
always  being  rejected.  Con- 
siderable stoping  was  done 
by  Mr.  Frank.  He  took  out 
most  of  the  vein  from  the  50- 
foot  level  and  in  places  from 
the  80-foot  level  to  the  surface 
for  a  distance  of  probably  300 
feet  along  the  strike.  A  few 
hundred  tons  have  l>een  taken 
out  along  the  new  incline  by 
the  Eastis  management. 

Tlie  comparatively  1  o  w 
grade  of  the  ore,  irregularity 
of  the  vein,  and  the  combat 
with  water  will  always  make 
the  working  of  this  mine 
expensive. 

SCHLEGELBilLCH   MINE. 
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Fig.  13.— Hypothetical  plan  of  vein  at  Brovm  mine  as  It  might 
appe^ir  at  groator  depths.  A ,  Vein  as  it  might  appear  at  some 
distance  below  the  80-foot  level,  showing  pinching  and  the 
slight  influence  of  joints.  B,  Vein  as  it  might  appear  at  some 
stiJl  greater  depth,  showing  the  vein  again  continuous  by  the 
imiting  of  so-called  lenses. 


In   western   York    County 
about  3  miles   southwest   of 

Hickory  Grove  and  about  IJ  miles  northwest  of  the  Brown  mine,  is  the  Schlegelmilch 
mine,  which  is  also  the  property  of  Mr.  W.  E.  C.  Eustis.  This  mine  was  worked  over  fifty 
years  ago  by  the  first  owner,  from  whom  it  is  named.  No  idea  of  the  production  can  be 
given.  It  is  known  simply  that  some  oxidized  ore  of  good  grade  was  taken  out  in  the 
early  days.  The  amount  must  have  been  small.  Besides  several  old  shafts  extending 
down  to  wat^r  level,  or  down  to  the  limit  of  general  oxidation — perhaps  40  to  60  feet — 
which  are  in  most  cases  caved  in,  a  shaft  about  100  feet  deep  has  more  recently  been  sunk 
and  probably  2.50  feet  of  drifting  done.  A  small  steam  hoist  was  in  use.  The  Schlegelmilch 
mine  was  closed  down  at  the  same  time  as  the  Brown  and  is  not  now  in  o^ratioa. 
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The  country  rock  for  miles  around,  so  far  as  known,  is  amphibolite,  of  varying  degree  of 
foliation  but  all  sufficiently  squeezed  to  be  classed  as  schist.  Several  quartz  veins  occur  in 
the  amphibolite  parallel  to  its  foliation,  which  hero  strikes  about  N.  S5°  E.  and  dips  about 
65°  SE.  Although  some  work  was  formerly  done  on  at  least  three  of  these  veins,  only  the 
southeastern  one  is  now  being  worked.  On  and  near  the  surface  the  vein  is  fairly  regular, 
averaging  about  2  feet  wide.  At  about  70  feet  the  vein  pinches  and  soon  splits  up  as 
represented  in  fig.  14,  which  is  a  sketch  of  the  cross  section  of  the  vein  as  shown  at  the 
northeast  end  of  the  shaft  at  the  85-foot  level.  These  lenses  have  been  somewhat  modified 
in  form  and  outline  by  subsequent  crushing,  so  that  the  exposure  at  the  side  of  the  shaft 
suggests  magnified  augen  gneiss. 


Amphibolite  Quartz 

Fio.  14.— Skotch  of  vein,  vortical  spction.  Schlepelmilrh  minp,  near  bottom  of  shaft,  looking  northeast. 

The  vein  stulT  is  ((uartz  cHrryinj?  a  variable  proportion  of  auriferous  pyrit<»,  which,  in 
somo  ca^scK  at  least,  is  slightly  cupriferous.  So  far  as  known  native  gold  docs  not  occur  in 
the  unoxidized  portions  of  the  vein.  Pyrite,  sericite,  calcite,  biotite,  chlorite,  and  perhaps 
serpentine  are  developed  in  the  near-by  ampliibolite  by  tlie  metasomatic  action  of  the  vein 
solutions.  Pyrite  is  not  abundant  in  the  wall  rock  and  occurs  usually  as  small  cubes.  The 
calcite,  l)ecau.se  of  its  easy  solubility,  is  frequently  found  in  crevices  in  the  quartz  vein, 
having  probably  been  carried  in  from  the  walls.  Much  of  it  is  slightly  greenish,  perhaps 
l)ecau.se  of  a  sliglit  intermLxture  of  chlorite.  A  narrow  veinlet  of  fluorite  cutting  the  quartz 
is  obviously  of  later  formation,  but  is  doubtless  referable  to  the  .same  source  as  the  siliccoiLs 
solutioiLs.  Assays  of  specimens  from  neighboring  portions  of  the  vein  show  decided  fluctua- 
tions from  alm<.>st  nothing  to  $50  or  over  per  ton.     The  average  value  was  not  learned 


THOMPSON   MINE.  lOS 

No  stoping  nor  drifting  has  been  done  below  the  45-foot  level,  but  from  that  level  upward 
the  ore  has  been  about  all  extracted  for  50  feet  northeast  and  perhaps  150  feet  southwest 
of  the  shaft.  At  least  half  of  that  stope,  however,  was  made  years  ago.  Since  the  writer's 
visit  the  shaft  has  been  carried  to  a  depth  of  100  feet,  where  the  vein  is  said  to  have  pinched 
out  entirely.  Crosscuts  were  run  in  l)oth  directions,  and  while  it  is  not  known  how  care- 
fully this  exploration  was  carried  on  and  to  what  extent  the  influence  of  the  wall-rock 
structure  was  studied  and  considered  in  directing  this  work,  the  continuation  of  the  vein 
was  not  discovered. 

THOMPSON   SnNE. 

The  Thompson  mine  lies  in  the  western  part  of  Union  County,  S.  C,  about  a  mile  north- 
east of  West  Springs  post-office  and  about  3  miles  east  of  Glen  Springs,  Spartanburg  County, 
the  terminus  of  a  branch  of  the  Charleston  and  Western  Carolina  Railway.  The  mine  is 
the  property  of  the  Ophir  Gold  Mining  Company,  of  Indianapolis,  Ind.,  and  is  being  worked 
under  lease  by  Mr.  M.  C.  Mayes.  At  the  time  of  visit  the  mine  was  partially  filled  with 
water  and  thus  inaccessible.  Only  meager  information  could  be  gleanexl  from  an  examina- 
tion of  the  dumps  and  old  cuts  and  from  a  study  of  specimens  found  there.  What  is  here 
recorded  has  been  obtained  largely  from  the  writings  of  others. 

As  early  as  1847  this  was  one  of  the  well-known  mines  of  the  State  .a  It  is  doubtless  the 
same  as  that  described  by  Tuomey  b  m  1844  as  the  Fair  Forest  mine.  Work  was  continued 
in  the  fifties  and  perhaps  until  the  beginning  of  the  war.  Little  information  can  be  obtained 
of  more  recent  work,  except  that  in  the  nineties  Mr.  O.  J.  Thics,  now  manager  of  the  Black- 
mon  mine,  directed  operations  for  a  short  time.  Some  hydraulicking,  with  attendant 
milling  of  the  coarse  material  according  to  the  so-called  Dahlonega  method,  was  done  in 
1895. c  The  production  may  have  been  considerable — perhaps  $100,000  or  more.  The 
only  statement  in  print  is  that  $6,000  was  taken  from  one  shoot  in  1847. <^ 

The  workings  consist  of  a  vertical  shaft  165  feet  deep  and  an  incline  reaching  to  about 
the  same  depth,  connected  by  drifts  and  crosscuts.  An  open  cut  over  100  feet  long  repre- 
sents the  work  done  in  early  days  and  the  recent  hydraulicking.  A  20-stamp  mill  with 
two  Wilfley  concentrators  is  connected  with  the  workings  by  a  tramway. 

Two  varieties  of  rock  occur  here.  The  one  which  is  more  widely  exposed  is  a  biotite 
schist  of  brown  color  and  marked  fissility.  Feldspar  is  present  as  small  grains  with  an 
albite  core  and  labradorite  interior.  A  little  magnetite  is  present.  Tlie  origin  of  this 
rock  is  unknown.  The  other  rock  is  an  amphibolite  which  is  said  to  occur  as  a  dike-like 
band  in  the  biotite  schist .  Only  one  contact  was  seen  and  at  this  place  the  foliation  of  the  two 
rocks  is  parallel,  and  in  a  tunnel  which  starts  near  the  mill  this  mass  of  amphibolite  seems  to  be 
fairly  wide .  The  foliation  of  both  rocks  strikes  about  N .  10**  E.  and  dips  to  the  west  something 
like  70°.  Tlie  mica  schist  is  the  ore-bearing  rock.  No  very  good  idea  of  the  veins  could 
be  had,  but  it  is  certain  that  very  quartzose  zones  parallel  to  the  foliation  of  the  rock  have 
been  the  richest  portions.  Small  quartz  stringers  seen  in  the  decomposed  upper  portions 
of  the  deposit  indicate  that  filling  of  fissures  has  gone  on.^  On  the  other  hand,  specimens 
of  quartz-pyrite  ore,  carrying  gold,  from  greater  depth  indicate  that  extreme  silicification  of 
the  mica  schist  has  taken  place  along  certain  narrow  zones.  Tliis  ore  Is  composed  prin- 
cipally of  white  quartz  grains,  with  scattered  interstitial  flakes  of  biotite,  muscovite,  or 
chlorite.  Pyrite  is  abundant  in  places.  The  actual  contact  of  this  mass  with  the  schist, 
which  would  probably  have  decided  whether  replacement  had  or  had  not  gone  on,  was  not 
seen,  but  schist  from  near  the  "  vein  '*  or  ore-bearing  zone  shows  the  effects  of  vein  metamor- 
phism;  sharply  defined  plates  of  muscovite  have  been  developed  at  the  expense  of  the 
biotite,  pyrite  has  been  introduced,  and  well-crystallized  prisms  of  a  mineral  of  unknown 


a  Liebcr,  op.  clt.,  vol.  2,  1857,  p.  70. 

b  Rept.  Geol.  and  Agr.  Survey  South  Carolina,  1844,  p.  24;  also  Geology  of  South  Carolina,  1848,  p.  91. 
e  Nitze  and  Willcens,  Bull.  N.  C.  C.eol.  Sur\'ey  No.  10,  1897,  p.  77. 
d  Llebor.  op.  cit.,  vol.  2,  1857,  p.  70. 

<  Becker,  0.  F.,  Gold  fields  of  the  Southern  Appalachians:  Sixteenth  Ann.  Rept.  U.  S.  Geol.  Survey, 
pt.  3, 1895,  p.  309. 
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identity  but  similar  in  some  respects  to  epidote  pierce  both  the  schist  and  quartz  lenses 
which  have  developed  in  it.  The  most  probable  conclusion  is  that  intense  replacement  or 
metasomatism  has  gone  on  in  the  mica  schist  along  narrow  but  easy  fracture  channels  for 
siliceous  sulphide  solutions.  On  this  ground,  therefore,  this  deposit  would  also  in  a  way 
stand  between  the  replacement  bodies  of  the  Haile,  Colossus,  and  other  mines  and  the  fissure 
veins  like  those  at  the  Brown  and  Schlegelmilch  mines,  but  it  holds  a  different  kind  of 
intermediate  position  from  that  of  the  Ferguson  deposit. 

The  ore  consists  of  the  granular  white  quartz  with  disseminated  auriferous  pyrite  and 
free  gold.  Some  very  rich  specimens  were  seen,  in  which  the  gold  was  scattered  all  through 
the  quartz  much  as  particles  of  magnetite  might  occur  in  quartz  sand.  This  sort  of  ore  has 
been  found  mostly  near  the  surface,  and  the  fact  that  at  greater  depth  grains  of  pjTite  play 
the  same  rdle  as  the  gold  ^bove  makes  it  probable  that  the  gold  has  been  liberated  by 
oxidation  of  the  sulphide.  It  is  worthy  of  mention,  however,  that  the  quartz-bearing  free 
gold  is,  in  many  cases,  at  least,  wholly  unstained  by  iron  as  would  be  expected  where  oxida- 
tion of  pyrite  had  taken  place.  The  concentrates  are  of  good  grade,  having  a  shipping  value 
of  over  $100  per  ton,  and  this  is  another  argument  in  favor  of  oxidation  of  the  portion  where 
the  gold  is  now  free.  Moreover  it  is  said  that  in  general  the  heavier  the  pyritization,  the 
higher  the  value  of  the  ore.  Of  the  unoxidized  ore  it  is  not  known  how  much  gold  is 
recovered  by  amalgamation. 

As  nearly  as  could  be  learned,  an  ore  shoot  about  90  feet  long  has  been  followed  from  the 
surface  down  to  the  165-foot  level,  where  work  is  now  being  done  whenever  the  water  can 
be  kept  down.  Another  bunch  of  ore  200  feet  to  the  north  was  worked  in  former  days  to  a 
depth  of  probably  something  like  100  feet,  but  the  shaft  and  workings  are  now  caved  in. 
The  ore  varies  in  width  from  a  foot  to  8  feet  or  more. 

No  information  was  obtained  which  throws  light  on  the  question  of  persistency  of  the  ore 
body.    The  average  value  of  the  ore  is  not  known  to  the  writer,  but  is  probably  rather  good. 

OTHER   MINES. 

Mining  for  gold  has  l>een  carried  on  in  many  other  portions  of  the  area  inchided  in  tliis 
report.  At  mast  of  these  operations  were  abandoned  so  long  ago — in  many  ca.sc\s  lx>fon>  the 
war — that  tbeir  names  were  barely  more  than  a  memory  in  the  minds  of  tliose  inten^sted 
in  this  subject;  in  fact,  the  existenco  of  several  mines  has  lx»en  learned  only  from  old 
literature  on  the  geology  of  this  region.  Many  such  were  of  course  not  visited  at  all.  Brief 
mention  is  made  of  some  of  these,  l>ased  on  hearsay  or  on  earlier  writings.  Some  other 
mines  or  prospects  were  visited,  but  these  were  mostly  inaccessible  and  but  little  could  be 
learned,  while  a  number  of  the  j)laces  visited  never  deserved  more  consideration  than  the 
small  amount  of  prospecting  which  was  given  them  before  they  were  abandoned. 

West  mine. — The  West  mine  is  in  Union  County,  S.  C,  only  a  few  hundred  yards  south- 
east of  the  Thompson  mine.  The  two  were  probably  discovered  at  alwut  the  same  time 
and  have  always  l)een  treated  together  in  descriptions.  At  the  time  of  the  writer's  visit 
the  workings  were  filled  with  water  and  the  old  stamp  mill  was  in  a  sad  state  of  dilapidation. 
One  man  was  washing  in  a  small  stream  near  the  mine  gravels  which  had  been  subjected  to 
the  same  operation  many  times  before.  ^Vs  his  lalx>r  was  resulting  in  small  profit  and  as  he 
was  unacquainted  with  the  history  of  the  underground  workings  of  the  mine,  little  informa- 
tion was  elicited  from  him. 

In  1844  a  shaft  had  been  sunk  to  a  depth  of  115  feet  and  was  said  to  be  the  deepest  shaft 
in  the  State.«  In  18.57  this  shaft  had  been  deepened  to  1.50  feet,^'  and  is  now  said  Xo  have  a 
depth  of  17.5  feet.  An  old,  open  cut,  mostly  filled  with  water,  shows  that  the  trend  of  the 
country  rock  is  parallel  to  that  at  the  Thompson  mine  (N.  10°  E.)  and  that  the  ore  is 
similar  in  character.  It  is  said  that  some  of  the  ore  wa.s  of  high  grade,  but  that  a  large  pro- 
portion of  the  value  was  lost  l)erau.se  the  sulphides  were  not  saved. 


a  Lichcr.  op  cit..  vol.  2,  p.  70. 

t'Tuoraey,  M.,  Rrpt.  (Jool.  and  Agr.  Stirvoy  South  Can>liiiu,  1>H},  p.  24. 
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NoU  mine. — ^This  mine  is  located  in  Union  County,  S.  C,  about  2  miles  north  of  the 
Thompson  mine.  It  must  have  been  worked  during  about  the  earliest  days  of  gold  mining 
in  the  South  and  was  one  of  the  prominent  mines  of  the  time  .a  Portions  of  the  deposit 
were  very  rich,  $3,000  having  been  taken  from  something  like  half  a  ton  found  in  one 
pocket. b  The  country  rock  is  amphibolite,  some  of  it  evenly  fine  grained,  some  coarser 
and  banded.  The  vein,  which  is  said  to  have  had  a  strike  of  about  N.  75°  E.,  was  about  8 
feet  wide  on  the  surface  and  5  feet  at  the  bottom  of  the  workings  (110  feet),  but  reached  a 
maximum  width  of  14  feet  at  30  feet  from  the  surface,  c  It  is  said  that  the  vein  split  toward 
the  east,  that  portion  which  continued  along  the  strike  being  barren,  while  the  branch  which 
bore  off  more  to  the  northeast  carried  the  values. d  Since  this  statement  was  not  based  on 
the  personal  observation  of  Doctor  Lieber,  \Xs  authenticity  may  be  questioned,  inasmuch 
as  such  splitting  is  not  known  elsewhere  in  the  region. 

The  quartz  vein  carries  considerable  pyrite,  which  doubtless  contains  most  of  the  gold. 
It  was  a  bunch  of  decomposed  pyrite  that  gave  the  $3,000  mentioned  above.  The  pyrite  is 
also  cupriferous,  as  shown  by  iridescent  films  on  the  slightly  weathered  sulphides  and  greeij- 
ish  stains  where  more  oxidation  has  gone  on.  It  is  said  that  thin  scales  of  metallic  copper 
were  found  near  the  water  level,  probably  indicating  that  some  secondary  enrichment  has 
taken  place. 

Magnolia  mine. « — This  mine,  located  in  western  Ytirk  County,  S.  C,  about  3  miles  south- 
west of  Hickory  Grove,  is  the  property  of  the  Magnolia  Mines  Company,  of  Memphis,  Tenn. 
It  was  worked  before  the  war,  under  the  name  of  the  Louise  mine,  to  a  depth  of  30  to  40 
feet,  or  as  deep  as  complete  oxidation  extended,  and  is  said  to  have  been  profitable,  but  no 
idea  of  the  total  production  could  be  had.  The  oxidized  ore  was  treated  in  a  stamp  millSn 
which  the  mortar  and  stems  were  of  wood,  and  the  iron  shoes  struck  upon  cast-iron  bottom 
plates  instead  of  dies.  The  present  mill,  erected  a  few  years  ago,  is  the  fourth  mill  which  has 
been  built  on  the  property.  It  has  three  stamps  of  1 ,250  pounds  each,  and  discharges  on  all 
four  sides.  Screens  of  80  mesh  were  first  used,  but  were  exchanged  for  20  mesh.  One 
Wilfley  and  one  Standard  table  are  installed.  No  work  is  being  done  at  present  in  mine  or 
mill. 

The  country  rock  is  amphiboUte,  much  decomposed  at  the  surface.  Numerous  quartz 
veins,  parallel  to  the  foliation  of  this  rock,  strike  N.  35°  to  40°  E.  and  dip  about  75°  NW. 
There  arc  two  groups  of  these  veins ;  one  situated  near  the  mill,  close  to  Guionmoore  Creek, 
may  be  called  the  Magnolia  group,  and  consists  of  the  Magnolia,  Gertie,  Spring,  Sea  (h'cst, 
and  at  least  two  other  veins;  of  the  other  group,  about  a  mile  northwest  of  the  mill,  only  the 
Dorothy  vein  has  been  worked,  although  other  veins  are  present.  This  Dorothy  group  is 
the  northeastern  continuation  of  the  veins  of  the  adjoining  Schlegclmilch  property.  The 
Dorothy  vein  is  probably  the  same  as  one  which  was  worked  in  the  early  days  just  to  the 
northwest  of  the  present  Schlegclmilch  shaft.  Of  the  Magnolia  group,  the  Magnolia  and 
Gertie  veins  are  most  important,  although  some  good  ore  was  taken  from  shallow  workings 
on  a  vein  a  little  to  the  southeast  of  these.  A  shaft  110  feet  oil  the  Gertie  vein  and  an  adit 
striking  the  shaft  at  75  feet  are  now  CAved.  This  adit,  called  the  Rock  drift,  is  said  to  be  about 
1,100  feet  long,  but  left  the  vein  soon  after  passing  northeast  of  the  shaft  and  became  in 
reality  a  crosscut  tunnel.  Several  veins  are  said  to  have  been  encountered,  but  were  not 
worked.  The  Magnolia  vein,  a  short  distance  to  the  southeast,  is  opened  by  a  150-foot  adit 
tunnel,  which  gains  only  30  or  40  feet  of  depth  in  that  distance.  This  tunnel  is  partly  caved, 
but  allows  a  view  of  the 'vein,  which  is  2  to  2}  feet  wide,  contains  considerable  partially 
oxidized  pyrite,  and  has  the  appearance  of  good  ore.  Stoping  has  been  carried  to  the  sui^ 
face  for  nearly  the  full  length  of  the  tunnel.  A  shaft  about  40  feet  deep  close  to  the  Mag- 
nolia vein  is  said  to  cut  both  it  and  the  Gertie  vein  by  a  northwest  crosscut  from  the  bottom. 
The  partially  oxidized  ore  which  is  here  encountered  in  the  Magnolia  vein  is  said  to  assay 


a  Lieber,  op.  cit.,  vol.  2,  p.  64. 

6Tuomey,  M.,  Geology  of  South  Caroli^.s,  1848,  p.  92. 

c  Lieber,  op.  cit.,  vol.  2,  p.  66. 

didem,  p.  65. 

«  Perhaps  the  Smith  mines  of  Lielwr,  op.  cit.,  vol.  1,  p.  46. 
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about  $45.  It  is  said  that  the  average  of  a  shipment  of  ore  from  these  veins  gave  smelter 
returns  of  $56.  The  mill  was  then  erected,  but  at  best  saved  only  60  per  cent  of  the  assay 
value,  and  a  sample  from  the  tailings  pile  showed  a  content  of  $34  per  ton.  The  writer 
was  told  that  the  mill  and  the  one  table  used  were  crowded,  causing  incomplete  amalgsr 
mation  and  concentration,  and  that  much  fine  pyrite  was  lost.  The  tailings  certainly  are 
very  fine,  and  it  is  probable  that  a  large  proportion  of  slimes  was  formed:  It  would  seem 
that  the  use  of  lighter  stamps  with  low  discharge  and  plentiful  water  feed  and  of  both  con- 
centrators might  raise  the  efficiency  of  extraction.  More  development  might  well  be  carried 
on,  however,  before  further  outlay  is  made  on  experiments  in  extraction. 

The  Dorothy  vein  strikes  about  N.  32°  E.  and  dips  about  80**  SE.  It  ranges  in  width 
from  \S  inches  to  3  feet,  with  an  average  of  about  30  inches.  The  outcrop  is  plainly  visi- 
ble for  several  hundred  feet.  A  shaft  has  been  sunk  106  feet  on  it  and  short  levels  run  in 
each  direction  from  the  bottom.  This  shaft,  being  located  high  above  a  small  creek 
which  flows  across  the  rock  structure  between  it  and  the  Schlegelmilch  shaft,  is  dry.  The 
air  in  the  bottom  is  bad  and  necessitates  the  running  of  a  blower  when  work:  is  going  on. 
But  little  ore  has  been  taken  from  this  place.  It  is  said  that  the  values  fell  from  about 
$35  near  the  surface  to  less  than  $20  near  the  bottom  of  the  shaft. 

Darwin  mine. — At  this  old  mine,  about  2  miles  northeast  of  Smiths  Ford  of  Broad  River, 
httlc  is  now  to  be  seen  except  the  pr^fbiinent  outcrop  of  a  northeastward-trending  quartz 
vein,  probably  5  or  6  feet  wide.  One  or  two  pits  and  a  shallow  shaft  on  the  vein  are  now 
so  filled  in  that  they  expose  nothing  of  interest.  Little  indication  of  sulphides  is  to  be 
seen,  although  it  is  said  that  pyrite  and  chalcopyrite  were  fairly  abundant.^  The  vein  is 
reported  to  have  been  irregular,  inclosing  numerous  horses  of  the  wall  rock  and  thus  adding 
to  the  cost  of  mining.  According  to  Lieber  a  some  success  attended  the  early  operations. 
No  work  has  been  done  for  many  years. 

Ro88  <&  Carroll  mine. — About  three-fourths  of  a  mile  north  of  the  Darwin  mine  is  a  quartz 
vein  on  wliich  mining  has  been  done  intermittently  for  a  long  time  and  which  was  last 
worked  some  years  ago  by  Messrs.  Ross  &  Carroll,  of  Gaffney,  S.  C.  It  is  often  spoken  of 
as  tlio  Wolf  Creek  mine.  Tlic  vein,  2  to  2J  feet  wide,  outcrops  on  a  prominent  ridge  and 
has  iK'on  opened  by  several  pit.s  for  about  a  quarter  of  a  mile.  At  Wolf  Creek  the  ridge  is 
cut  down  fully  150  foot.  The  vein  continues  on  the  northeast  side  of  the  creek,  and  most 
of  the  workings,  a  tunnel  and  shallow  shaft,  are  on  that  side.  About  fifteen  years  ago  a 
stamp  mill  was  oroctod  at  the  creek  and  considerable  ore  put  through.  It  is  understood 
that  the  largo  proportion  of  pyrite,  in  which  the  gold  was  mainly  contained,  made  the  per- 
contajro  of  recovery  low.  The  writer  was  told  that  a  few  tons  of  rich  ore  were  hauled  to 
Blackshurg  for  troutinont,  but  that  the  returns,  $52  per  ton,  were  disappointing. 

Mdiill  mine.  This  mine,  a  fraction  of  a  mile  northeast  of  the  Ross  &  Carroll  mine,  is 
said  to  lx»  on  the  continuation  of  that  vein.  Work  was  done  many  years  ago,  and  again 
somewhat  more  rocoiitly  by  Maj.  J.  F.  Jones,  of  Blacksburg.  The  vein  is  said  to  spht  up 
toward  the  northeast  into  a  numl)er  of  small  veins  too  narrow  and  low  in  grade  to  be  of 
profit.  On  the  main  vein  two  shafU,  1)0  and  80  feet  deep  respectively,  were  sunk  and 
some  good  ore  was  taken  from  certain  pockets  or  shoots  rich  in  sulphides.  It  is  learned 
that  this  ore  avomged  about  $25  per  ton. 

MH^aw  mim.  About  2  miles  southwest  of  Smyrna  and  1  mile  southeast  of  the  McGill 
mine  is  a  property  worked  in  1904  by  Mr.  W.  B.  McCaw,  of  Yorkville,  S.  C.  A  quartz 
vein  striking  N.  50°  E.  and  dipping  very  steeply  to  the  north wesb occurs  in  a  much  decom- 
posed schistose  rock,  probably  amphibolite.  The  vein,  which  is  something  over  2  feet 
wide,  has  boon  proved  for  about  200  fo^t  by  several  pits.  A  shaft  35  feet  deep  was  sunk 
on  the  vein  and  drifts  'Si)  to  40  feet  long  mn  in  each  direction.  A  Httle  stoping  was  done 
above*  tlu\so  drifts  and  a  few  tons  of  ore  have  been  shipped,  the  value  assigned  being  al)out 
$25  por  ton.  Pay  ore  was  found  only  in  bunches  in  the  vein  and  values  are  said  to  have 
pinched  out  in  the  bottom,  although  the  vein  itself  continues  downward.  The  shaft  is  sit- 
uated in  low  ground,  and  in  consequence  fills  with  water  nearly  to  the  coUar  when  pumping 


a  Llebc.r,  op.  cit.,  vol.  2,  pp.  56-67. 
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is  not  done.  The  ore  from  the  bottom,  nevertheless,  is  considerably  oxidized.  Work  at 
this  place  was  stopped  in  the  autumn  of  1904. 

Lovt  mine. — About  1  mile  southeast  of  Elings  Creek  station  and  just  east  of  the  railway 
some  work  has  been  done  on  a  quartz  vein  in  schist.  The  vein  is  probably  3  feet  wide  on 
the  average,  strikes  alx)ut  N.  35°  E.  and  dips  about  70°  NW.  Several  inchned  shafts  rang- 
ing from  30  to  50  feet  deep  prove  the  horizontal  extent  of  the  vein  for  a  distance  of  1 ,000 
feet  or  more.  Toward  the  northeast  especially  the  vein  is  rather  heavily  impregnated 
with  partially  decomposed  pyrite,  which  in  some  cases  occurred  as  cubical  crystals  as  much 
as* an  inch  across.  Several  tons  of  the  ore  arc  now  on  the  surface  and  it  is  said  that  a  num- 
ber of  carloads  have  been  shipped.  The  ore  has  a  promising  appearance,  but  it  is  of  course 
impossible  to  judge  of  the  value  of  such  ore  without  assay.  Reports  as  to  value  are  not 
wholly  concordant,  some  being  to  the  effect  that  a  part  of  the  ore  shipped  gave  returns  of 
$80  per  ton,  while  others  declare  that  the  ore  is  of  low  grade.  If  the  value  is  good  the 
extent  and  regularity  of  the  deposit  would  seem  to  warrant  further  exploration.  No  work 
is  being  done  at  prasent. 

WUson  minen. — About  6  miles  northeast  of  Yorkville,  in  York  County,  S.  C,  near  the 
road  leading  to  Nannies  Mountain,  are  situated  the  Big  Wilson  and  Little  Wilson  mines. 
They  are  under  the  control  of  Mr.  W.  C.  Latimer,  of  Yorkville,  who  furnished  the  greater 
part  of  the  information  which  follows.  In  the  forties  oxidized  ore  from  the  Big  Wilson  is 
said  to  have  been  worked  in  an  old  mill  of  the  arrastre  type,  in  which  oxen  supphed  the 
power.  Later,  when  sulphide  ore  was  struck,  the  ore  was  "burned"  or  roasted  in  kilns  a 
and  then  treated  after  the  same  fashion  as  the  oxidized  ore.  The  water  level  was  only  a 
few  feet  below  the  surface,  and  although  a  Cornish  pump  was  used  water  put  an  end  to 
work  at  a  depth  of  65  feet.  In  the  early  part  of  1885  work  was  resumed  and  a  lO-stamp 
mill  erected.  It  is  stated  that  $18,000  had  been  recovered  by  the  end  of  the  year  simply 
from  sinking  the  shaft  to  the  92-foot  point,  and  in  the  first  six  months  of  1886  $6,000  was 
taken  out.  Work  was  again  suspended  till  1896,  when  a  Mr.  Clark  is  said  to  have  extracted 
$12,700  from  a  six  months'  run  and  saved  40  tons  of  concentrates.  No  work  of  conse- 
quence has  been  done  sincx3  that  time.  There  are  three  shafts,  each  about  90  feet  deep,  of 
which  two  are  now  out  of  commission,  while  the  most  recent  one,  though  nearly  full  of 
water,  appears  very  well  timbered  and  is  said  to  be  in  good  condition.  These  shafts  are 
all  connected  at  the  l)ottom  by  a  drift  120  feet  long.  There  an'  a  few  other  short  drifts 
and  crosscuts.  A  number  of  veins  are  said  to  be  present  on  the  pn)perty,  but  only  one 
has  been  developed.  This  vein,  inclosed  in  amphibolit4>,  strikes  N.  40°  E.  and  dips  approx- 
imately 75°  SE.  The  writer  was  told  that  tliis  vein  has  been  opened  at  five  different  places 
in  a  distance  of  .seven-eighths  of  a  mile.  It  is  about  4  feet  wide  at  the  surface,  but  is  said 
to  widen  decidedly  with  depth.  Pyrite  is  plentiful  and  is  said  to  assay  $30  to  $40  per  ton, 
while  the  average  ore  runs  about  $12.  Along  the  foot  wall  of  the  vein  chalcopyrite  Is  said 
to  be  present  in  sufficient  amount  to  make  the  ore  important  as  a  source  of  copper.  Some 
specimens  of  free  copper  were  seen,  said  to  have  been  taken  from  narrow  kaolin  seams  at 
the  side  of  the  chalcopyrite  vein. 

About  a  mile  southwest  of  the  Big  Wilson  is  the  Little  Wilson  property.  It  adjoins  on 
the  southwest  the  Mary  mine,  which  was  once  exploited  for  the  copper  contained  in  quartz 
veins  carr>'ing  chalcopyrite,  as  mentioned  on  page  1 12. 

The  Little  Wilson  vein  is  a  big  quartz  body  striking  about  northeast  and  dipping  about 
70°  SE.  Two  inclines  about  35  feet  deep  appear  to  be  on  the  foot  wall  and  hanging  wall, 
respectively,  and  thus  indicate  a  width  of  20  feet  in  one  place,  but  it  may  be  that  they  are 
on  separate  veins  of  less  width.  A  shaft  90  feet  deep  gets  into  quartz  carrying  finely  gran- 
ular pyrite  arranged  in  rude  bands  parallel  to  the  walls,  but  possessing  few  others  of  the 
features  significant  of  crustification.  It  is  said  that  some  chalcopyrite  was  found  near  the 
bottom  of  this  shaft.  High  assays  are  said  to  have  been  obtained  from  picked  specimens, 
but  the  average  run  of  the  vein  was  not  learned. 
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The  above  statements  regarding  size  and  value  of  the  ore  bodies  of  the  Wilson  mines 
were  not  capable  of  verification  by  the  writer  and  are  given  for  what  they  may  be  worth. 

Prospects. — A  number  of  small  workings  of  either  old  or  recent  making  were  visit^nl  in 
the  course  of  the  reconnaissance.  These  are  briefly  mentioned  or  described  in  the  foUowing 
paragraphs: 

Some  work  was  done  in  the  early  days  on  a  quartz  vein  occurring  on  the  property  of 
George  R.  Wallis,a  about  4  miles  northeast  of  Yorkvillc,  and  desultory  exploration  ha.s 
been  carried  on  up  to  a  few  years  ago.  It  is  said  that  John  W.  Mackay. worked  here  as 
a  common  laborer  before  going  to  California.  One  shaft  is  said  to  have  been  over  100  fe^t 
deep.  A  vein  ranging  from  1  to  4  feet  wide,  striking  N.  75°  E.  and  dipping  al)oiit  70° 
NW.,  has  been  opened  up  at  various  places  for  about  three-fourths  of  a  mile.  The  country 
rock  appears  to  1h>  a  sheared  granite.  Granite  appears  close  by.  A  100-foot  north- 
westerly diabase  dike  appears  to  fault  the  northeast  part  of  the  vein  200  or  300  feet  to 
the  northwest.  Tlie  quartz  carries  rather  abundant  pyrite,  some  of  which,  as  concen- 
trates, is  said  to  run  $100  per  ton.     It  is  reported  that  the  ore  averages  $10  to  $20. 

Messrs.  Small  &  Johnson  are  prospecting  in  a  small  way  on  two  properties  about  one- 
half  mile  northwest  of  Smyrna,  York  County,  S.  C.  On  what  is  called  the  Allison  (fprmerh- 
Bolin)  place  some  rather  promising-looking  quartz  with  decomposed  pyrite  has  been 
encountered  in  a  vertical  vein  about  15  inches  wide,  which  strikes  about  N.  70°  E.  A 
20-foot  pit  and  a  short  tunnel  comprised  the  development  work  at  the  time  of  visit.  Not 
far  from  this,  at  the  Bradley  place,  a  20-foot  shaft  has  been  sunk  on  what  is  said  to  be 
a  vertical  ore  shoot  10  feet  long  in  a  15-inch  quartz  vein.  The  values  in  the  shoot  are 
said  to  be  good,  while  outside  the  shoot  the  vein  is  of  very  low  grade.  A  little  ore  has 
been  shipped  to  Perth  Amlx)y,  N.  J. 

The  Horn  property,  in  the  town  of  Smyrna,  is  said  to  have  within  a  few  feet  of  each 
other,  three  parallel  quartz  veins  strikmg  about  N.  38°  E  and  dipping  steeply  to  the  south- 
east, which  in  places  are  rather  heavily  impregnated  with  pyrite.  These  it  is  said  are  cut 
bj'  a  pyrite  vein  striking  N.  30°  W.  and  dipping  about  45°  NE.  As  the  shallow  pit.«4,  which 
wore  sunk  years  ago,  wore  either  caved  or  completely  filled  with  water,  the  writer  was  able 
to  judge  of  this  occurrence  only  from  material  on  a  small  dump.  Tliis  was  quartz  heavily 
impregnated  with  partially  decomposed  pyrite.  It  was  stated  by  the  owner,  Mr.  Horn, 
that  a  ton  of  ore  shipped  to  Jersey  City  gave  returns  of  $43  gold  and  2(5  ounces  of  silver, 
while  2  tons  shipped  to  a  Norfolk  smelter  gave  very  low  returns.  If  gold  is  present  in 
the  partially  oxidized  pyrito  it  does  not  appear  on  panning. 

On  the  place  of  James  Love,  about  a  quarter  of  a  mile  west  of  Broad  River,  at  Smiths 
Ford,  a  little  tunnel  and  shaft  work  was  done  y^'ars  ago  on  a  good-sized  vein  of  ma-ssive 
wiiito  quartz,  in  which  no  indication  of  sulphides  could  be  seen.  It  is  not  known  whether 
or  not  gold  was  found  here. 

About  a  mile  north  of  Smiths  Ford,  on  the  east  side  of  the  river  and  about  12  miles 
southoa^st  of  GalTnoy,  is  situated  what  is  known  as  the  Flint  Hill  mine.  Several  pits  and 
two  5()-fo<)t  .shafts  have  been  sunk  on  what  appear  to  be  two  nortiieastward-t rending 
quartz  veins  which  carry  pyrite,  and  are  said  to  as.say  $11  to  $16  per  ton.  The  work  was 
done  many  years  ago  and  no  information  could  bo  gained  concerning  the  extent  of  the 
deposit. 

At  the  Rosa  Arro^v-^vood  mine,  alK)ut  1  mile  oast  of  Smiths  Ford,  some  good  ore  was 
taken  from  pockets  in  a  northeasterly-trending  cjuartz  vein.  The  work  was  done  years 
ago,  and  only  a  few  old  pits,  partially  filled  and  overgrown,  remain  to  indicate  that  gold 
was  ever  present  liore. 

The  Mitchell  place  is  about  a  mile  south  of  the  Rosa  Arro^^nivood.  A  few  years  ago  a 
vein  was  opcnt^d  here  wliich  was  lioavily  impregnated  with  pyrite,  and  the  prospe<'tors 
were  much  encouraged  by  tlie  general  appearance  of  the  ore,  but  when  assays  were  made 

a  T>rol)ublv  .same  us  WiiJluco  miiio.  Sec  Nitzc  and  Wilkcn.s,  Bull.  North  Carolina  Gool.  Survey  No. 
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80  cents,  was  the  best  that  could  \>e  obtained.  A  little  placer  work  was  done  in  the  small 
creek  just  to  the  west,  but  is  said  not  to  have  been  profitable. 

Farther  to  the  southwest,  about  a  mile  from  the  Mitchell  place,  a  vein  striking  N.  30°  E. 
with  steep  dip  to  the  northwest  has  been  opened  on  the  Parker  property.  Three  short 
tunnels  which  appear  to  cut  this  vein  show  that  it  is  very  irr(^lar  in  width,  ranging  from 
4  feet  down  to  2  inches.  The  northeast emmost  opening  exposes  a  lens-like  mass  of  quartz, 
10  to  12  feet  long,  inclosed  in  decomposed  schist,  probably  amphibolite.  Farther  south- 
west a  35-foot  shaft  and  drift  explore  more  of  the  vein.  The  quartz  contains  oxidized 
sulphides,  which  are  said  to  carry  fair  gold  values,  although  smelter  returns  from  a  small 
shipment  were  low. 

A  small,  mound-like  elevation  known  as  Mose  Mountain,  just  to  the  northeast  of  the 
Bro\%'n  mine,  is  cut  by  many  veins  of  "hungry"  or  barren-looking  quartz,  which,  however, 
have  received  considerable  attention  from  prospectors  l)ecause  of  the  story,  presumably 
as  ill  founded  as  such  tales  usually  are,  that  some  very  rich  ore  was  once  found  there  by 
an  old  miner,  who  died  without  disclosing  the  exact  location  of  his  find. 

Tlie  Bolin  mine,  so  called,  is  alx)ut  1  mile  south  of  the  old  Darwin  prospect.  Several 
pits  were  sunk  years  ago  on  a  quartz  vein  of  northeasterly  strike.  Nothing  further  is 
known  concerning  this  property. 

On  the  Terry  place,  which  adjoins  the  McCaw  property  on  the  northeast,  a  30-foot 
pit  on  a  vein  of  quartz  afforded  opportunity  to  take  out  a  small  amount  of  ore,  which 
was  shipped.  Tlie  value  of  the  ore  was  not  learned.  This  work  was  done  only  a  few 
years  ago. 

A  little  prospecting  has  been  done  on  the  Love  property,  about  2i  miles  northeast  of 
Yorkville,  not  far  from  the  Wallis  place.  A  2-foot  quartz  vein  striking  to  the  northeast 
is  irregular  in  form  and  includes  horses  of  the  schist  wall  rock.  A  streak  about  4  inches 
wide  in  the  middle  of  the  vein,  carrying  decomposed  pyrit«,  is  said  to  assay  as  high  as 
$50,  while  the  remainder  of  the  vein  is  lean.  It  is  stated  that  some  copper  is  present, 
but  no  indications  of  that  metal  were  seen  by  the  writer. 

Al>out  3J  miles  southwest  of  GafTney,  on  the  Nott  property,  not  far  from  the  old  Cameron 
lead  mine,  a  couple  of  men  were  at  work  at  the  time  of  the  writer's  visit  sinking  a  prospect 
shaft  near  the  site  of  an  old  placer,  which  corresponds  in  description  to  the  Austin  placer 
of  Lieber,«  and  which  is  said  to  have  yielded  $50,000  to  $75,000.  This  shaft,  which  had 
attained  a  depth  of  about  20  feet,  exposed  only  a  3-inch  seam  of  quartz,  with  some  decom- 
posed pyrite.     Work  was  stopped  here  in  the  early  autumn  of  1904. 

Old  abandoned  mines. — For  the  sake  of  completeness  the  names  of  a  number  of  old  mines 
once  more  or  less  important,  many  of  which  have  long  since  been  forgotten,  are  given  here. 
These  names  are  taken  from  the  early  literature  on  the  geology  of  this  region  and  are 
arranged  according  to  geographic  position.  In  most  cases  more  or  less  complete  descrip- 
tions of  these  mines  will  be  found  in  the  references  cited. 

In  Chesterfield  County,  S.  C,  the  Ijeach  6  mine  is  near  the  Brewer  mine,  and  was  said  to 
resemble  that  mine  in  the  character  of  its  ore  deposit.  The  Kirkleyc  and  Mclnnis  c  mines 
are  also  near  the  Brewer.  Other  old  mines  in  the  western  portions  of  Chesterfield  County 
are  the  Miller,^'  Huff ,rf  and  Hendrix.  < 

In  Lancaster  County,  S.  C,  the  Funderburk/  and  the  Gay^  or  Little  Brewer  are  near  the 
Uaile  mine  and  are  said  to  resemble  it  in  character.  The  Ingram,*  Clyburn, »  Williams, »" 
Belk,;  Massey,*  Stevens  and  Belk,*  Phiffer,*  and  Knight*  mines  are  also  in  the  vicinity  of 


o  Op.  dt.,  vol.  2,  p.  71. 

b  LiclH'r,o|>.t'Jt.,vpl.  h  pp.  56, 68-09;  vol.  2,  p.  53.    Nitzeand  Wilkens,  Bull.  North  Carolina  Oeol.  Sur- 
vey No.  10,  IS97,  p.  77. 
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the  Hailo  mine.  The  Potts ,a  Izell,a  Johnson,  2>  and  Haginc  mines  are  situated  elsewhere  in 
I^ncaster  County. 

In  York  County,  S.  C,  the  Wylie,d  Kennedy, <"  Sutton/  and  Palmetto  0  have  been  noted 
or  described  by  previous  writers. 

The  mines  in  Union  County,  S.  C,  which  have  not  been  described  in  the  foregoing  pages 
are  the  Bogan  h  and  the  Ilarman  i  or  Mud  J  mines,  both  of  which  are  situated  in  the  north- 
western part  of  the  county  not  far  from  the  Thompson  and  West  mines. 

The  Lockhart*  mine,  near  Limestone  Springs  (just  south  of  Gaffney),  in  what  is  now 
Cherokee  County,  was  worked  in  the  e-arly  days  of  the  Southern  Appalachian  mining 
industry. 

In  that  part  of  Gaston  County,  N.  C,  with  which  this  report  deals  the  following  mines 
have  at  some  time  been  worked:  Crowders  Mountain  I  or  Caledonia,  Patterson,  I  Rhodes,"* 
McLean  m  or  Rumfcldt^ and  Oliver."  The  Long  Creek©  or  Asbury  mine,  7  miles  northeast 
of  Kings  Mountain  station,  is  said  to  contain  .similar  ore  to  that  in  the  old  Kings  Mountain 
mine,  being  characterized  by  more  or  less  uncommon  minerals,?  such  es  tctradymite, 
arsenopyrite,  leucopyrite,  bismutite,  and  bismite. 

In  the  southwestern  part  of  Union  County,  N.  C,  the  Howie  (now  Colossus),  VVyatt,  Wash- 
ington or  Bonny  Belle,?  and  Penman  mines  collectively  made  up  what  was  known  as  the 
Grand  Union  gold  mine.'"  Numerous  other  mines  to  the  north  and  northeast  in  Union 
County  and  to  the  northwest  in  Mecklenburg  County  have  been  worked,  but  fall  outside 
the  area  here  described. 

SUMMARY. 

The  locations  of  the  mines  of  this  area,  outlined  above,  indicate  two  broad  belt-s  along 
which  gold  has  principally  been  found.  These  two  belts  have  been  generally  recognized 
by  nujst  writers  heretofore.  They  trend  northeastward  in  a  general  way  parallel  to  the 
strike  of  the  rocks  and  the  general  structure  of  the  region.  One  belt  extends  from  the  west- 
em  part  of  Union  County,  S.  C,  through  eastern  Cherokee  and  western  York  counties,  S.  C, 
and  oil  throuf^h  the  ciustcm  half  of  Ga.ston  County  and  western  Mecklenburg  County,  N.  C. 
The  other  U»lt  is  bronder  and  in  a  uioasurc  less  defined.  It  includes  Lancaster  (\uinty, 
eastern  York  and  western  Chesterfield  counties,  S.  C,  and  Union  County  and  the  eastern 
edge  of  Mecklenburjij  County,  N.  C.  Scattered  mines  or  o<'currences  of  gold  are  known 
between  the^e  two  belts. 

To  the  south  of  tlur  area  wliieh  forms  the  subject  of  this  report  thejse  lx?lts  liecome  indis- 
tinct, but  their  continuation  is  probably  represented  by  a  number  of  gold  deposits  in  Lau- 
rens, AblM?ville,  and  P^dgeficld  counties,  S.  C,  and  in  McDufhe,  Warren.  Wilkes,  Lincoln, 
and  Columbia  counties,  Ga.* 

To  the  north  these  two  belts  merge  into  one  rather  indefinite  zone,  including  Lincoln, 
Catawba,  Cabarrus,  Stanley,  Montgomery,  Moore,  Randolph,  Rowan,  Davidson,  and  (  uil- 
ford  counties,  X.  C.  Taken  collectively,  this  Carolina  l^elt,  as  it  is  called,  has  been  one  of 
the  most  iinportant  gold  n^gions  of  the  eastern  United  States. 

o  I^K'bor.  op.  (it.,  vol.  1.  p.  .W. 

b  LiolHT,  op.  rit.,  vol.  1.  p.  GO. 

<•  Lu'ber.  o|).  cit.,  vol.  2,  pp.  49-50. 

d  Liober,  op.  cit.,  vol.  1,  p.  4.5. 

«  Lk'bor,  op.  cit..  vol.  2,  p.  (i3. 

/  Liebor.  oo.  cit.,  vol.  2,  p.  48. 

ff  Nitze  ana  Wilkons,  loo.  cit.. 

A  Tuoniey.  M.,  Gcoloj^y  of  South  Carolina,  1848,  p.  92.    Liebcr,  oi>.  cit.,  vol.  2,  pp.  66-67.    . 

i  Tuoinoy.  M..  op.  cit.,  p.  91. 

i  Licbcr.'op.  cit.,  vol.  2,  pp.  57-58. 

*  Tuornoy.  M..  op.  cit.,  p.  S8. 

i  K«'rran(i  Ilanna.  Ores  of  North  Carolina  (chap.  2  of  Gcologv  of  North  Carolina.  v<  1.2),  1>»3,  p.lttXi. 
Nitzc  and  Ilanna.  Bull.  North  Carolina  Gcol.  Survey  No.  3,  1896,  pp.  147-14S. 

"»  Nitze  and  Ilanna.  op.  cit.,  p.  148. 

n  Nitze  and  Ilanna,  op.  cit.,  p.  149, 

o  Kerr  and  Ilanna,  op.  tit.,  p.  MH.    Nitze  and  Hanna,  op.  cit.,  p.  149. 

P  IJex^-ker,  (J.  F.,  Gold  fields  of  the  Southern  v\ppttla<.*hians:  Sixteenth  Ann.  Rept.  U.  S.  (icol.  Survey, 
pt.  3,  1S05,  pp.  274-278.    See  also  pp.  r,2-<i:i  of  this  report. 

9  Nitze  and  Ilanna.  op.  cit.,  p.  104.    Becker,  G.  F.,  op.  cit.,  p.  310. 

r  Kerr  and  Ilanna,  op.  cit..  p.  2til. 

*  Cf .  Nitze  and  Wilkens,  Bull.  North  Carolina  Gcol.  Survey  No.  10,  1897,  p.  84. 
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At  the  time  of  the  »vriter's  visit  (autumn,  1904)  the  Hailc  mine  was  in  active  operation, 
the  Blackmon  was  working  a  force  temporarily  reduced  on  account  of  scarcity  of  labor,  the 
Brewer  and  Thompson  were  working  in  a  small  way  under  lease,  the  Ferguson,  Brown,  and 
Schlegelmilch  were  carrying  on  development  work,  Messrs.  Small  &  Johnson  were  exploring 
their  properties  near  Smyrna,  and  extensive  work  was  going  on  at  the  Colossus  mine  pre- 
paratory to  beginning  active  mining  and  milling.  In  addition  to  these  operations  a  few 
individuals  were  washing  stream  gravels  for  placer  gold.  So  far  as  known,  no  other  mining 
for  gold  was  being  done  in  this  region.  Since  that  time  work  at  the  Brown  and  Schlegel- 
milch mines  has  been  stopped. 

OOKCLUSIOKS. 

The  condition  of  the  gold-mining  industry  in  this  region  to-day  is  fairly  well  outlined 
in  the  preceding  paragraph.  In  1859  there  were  in  the  South  Carolina  portion  alone  40 
working  mini\s,a  and  it  is  probable  that  the  decrease  in  the  North  Carolina  portion  has  lx»en 
of  about  the  same  order  of  magnitude.  Furthermore,  most  of  the  mines  now  working  were 
then  known  and  were  mining  richer  ores  than  at  present.  If  these  former  conditions  arc 
compared  with  the  present  status,  it  is  at  once  apparent  that  the  gold-mining  industry  of 
this  region  has  suffered  a  decided  decline.  The  fact  that  a  very  few  mines  (of  which  the 
Haile  is  really  the  only  one  of  importance  in  this  respect,  as  will  be  shown  presently)  have 
been  able  to  maintain  and  even  increase  the  total  production  of  earlier  years  is  not  sur- 
prising in  view  of  the  advances  which  mining  as  an  industry  has  made,  and  in  reality  has 
little  to  do  with  the  consideration  of  this  district  as  a  whole.  For  the  last  fifteen  years  or 
thereabouts  only  a  small  addition  to  the  production  of  this  region  has  been  made  by  any 
but  the  Haile  mine,  which  has  maintained  its  average  yearly  production  at  something  like 
$100,000  during  that  time.  This  mine  has  been  compelled  to  reduce  more  and  more  the 
cost  of  operating  per  unit  of  product,  because  of  decreasing  grade  of  ore,  and  has  l)een 
forced  to  gradually  encroach  on  and  deplete  its  known  reserves  of  workable  ore,  so  that  the 
time  is  not  far  distant  when  a  falling  off  in  production  must  be  expected  unless  some  of  tlio 
development  work  now  being  carried  on  can  bring  to  light  now  supplie^s  of  ore. 

So  far  as  the  other  mines  are  concerned,  it  may  be  said  that  in  spit^  of  the  unsystematic 
and  unscientific  management  which  has  been  the  rule  rather  than  the  exception  in  this 
region,  most  of  them  which  seem  to  have  possessi>d  any  sign  of  promise  have  lx?en  given  a 
pretty  fair  chance  to  show  what  they  are  worth.  In  the  case  of  the  Colossus,  it  rfeems  .safe 
to  say  that  if  the  ore  bodies  are  as  persistent  as  those  at  the  Haile  have  been — a  stat<?- 
ment  which  there  may  be  no  reason  to  doubt,  but  which  ought  to  be  demonstrated — if  the 
ore  averages  as  well  as  the  reported  assays  indicate,  and  if  the  cyanide  process  now  being 
applied  proves  a  successful  means  of  extraction,  then  a  good  production  may  be  expected 
for  some  years.  The  Blackmon  mine  likewise  may  make  a  respectable  addition  to  the  output 
of  the  region  if  the  size  and  value  of  the  deposit  persists  and  certain  obstacles  to  mining, 
already  enumerated,  can  be  overcome.  There  appears  little  reason  to  hope  that  the  Brewer 
mine  will  ever  again  become  an  important  producer.  While  much  gold  undoubtedly 
exisits  in  that  immense  deposit,  it  is  doubtful  if  it  can  be  extracted  with  profit.  Little  can 
be  said  of  the  Kings  Mountain  mine,  because  of  lack  of  authentic  information,  but  it  is 
unreasonable  to  suppose  that  it  would  now  be  lying  idle  if  much  ore  of  the  grade  which  it 
has  already  furnished  were  known  to  exist.  Certain  of  the  smaller  mines  may,  and  probably 
will,  prove  profitable  for  a  period,  but  in  the  case  of  the  vein  mmes  the  irregularities  of  the 
deposits  will  make  mining  an  uncertain  enterprise  and  the  relatively  small  size  of  the  ore 
bodies  will  demand  that  the  value  of  the  ore  must  remain  fairly  high  as  compared  with 
that  of  the  large  replacement  deposits. 

a  South  Carolina,  Reeoiirces,  etc..  State  Board  of  Agriculture,  Charleston,  1883,  p.  134.  There  were, 
in  1859, 21  working  mines  in  Lancaster  and  Chesterfield  counties  and  19  in  Spartanburg,  Union,  and  York 
counties.  These  three  last-named  counties  were  a  few  years  ago  divided,  portions  of  each  constituting 
a  fourth  county,  Cherokee.  It  Is  certain  that  of  these  19  mlnea,  nearly  all  of  which  were  situated  in 
the  old  Spartanburg  County,  are  now  included  in  Cherokee  County,  and  are  thus  within  the  area  studied. 
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It  miist  bo  remembered  also  that  in  both  classes  of  deposits  increasing  depth  will  in  general 
mean  increasing  cost  of  production,  especially  in  this  region  where  there  is  no  apparent 
solution  of  the  water  problem  except  by  pumping.  A  further  serious  handicap  to  success 
is  the  fact  that  in  nearly  all  the  mines  the  decomposed  ores,  which  allowed  comparatively 
easy  extraction  of  the  gold,  are  now  almost  or  quite  exhausted,  and  that  the  sulphide 
ores  to  which  operators  now  must  look  for  future  production  can  be  treated  only  if  rich 
enough  to  warrant  being  shipped  to  a  smelter,  or,  if  of  lower  grade,  only  by  the  outlay  of 
considerable  capital  in  the  erection  of  a  plant  for  concentration,  if  not  for  rocLSting  and 
lixiviation  also. 

Finally,  there  arises  the  question  of  discovery  of  new  mines  or  ore  bodies.  There  is 
.  little  doubt  that  there  exist  in  this  region  many  deposits  of  gold  which  are  now  unknown. 
When  it  is  remembered,  however,  that  prospecting  has  been  going  on  more  or  less  actively 
riglft  here  for  nearly  a  century,  with  only  unimportant  results  in  recent  years,  and  that  for 
a  decade  or  two  before  the  war  this  was  distinctly  a  mining  region  where  practically  the 
whole  population  was  incited  to  activity  by  the  possibility  of  discovering  gold,  and  when  it 
is  considered  what  great  amounts  of  money  must  have  been  spent  in  the  early  stages  of 
exploratory  development,  one  can  but  admit  that  the  ground  has  been  pretty  carefully 
searched.  Add  to  this  the  fact  that  probably  a  great  proportion  of  the  placer  gold,  which 
in  the  early  days  aided  materially  in  the  location  and  discovery  of  the  deposits  in  place,  has 
been  removed,  and  it  becomes  plain  that  the  prospect  for  any  important  addition  to  the 
localities  of  gold  now  known  is  not  bright. 

In  conclusion,  then,  it  seems  probable  that  if  the  production  of  the  regioifis  to  be  main- 
tained or  increased,  this  will  be  duo  to  a  few  large  mines,  and  that  more  likely  the  future 
will  bring  to  this  region  a  gradual  decline  in  importance,  both  relative  and  actual. 

OTHER  MINERAL,  PRODUCTS  OF  THE  REGION. 


Silver  has  never  been  found  in  commercial  quantities  in  this  area,  and  so  far  as  known  no 
distinct  silver  mineral  has  been  reported.  The  metal  is  not  wholly  absent,  however.  It 
probably  constitutors  a  large  part  of  the  material  which  brings  down  the  fineness  of  the  gold 
bullion  to  an  average  of  alwut  0.900.  It  also  probably  occurs  in  the  galena  and  tetrahedrite 
of  the  Kings  Mountain  mine  and  was  said  to  l)e  present  to  the  extent  of  about  50  ounces 
per  tona  in  some  of  the  ore  from  the  old  Cameron  lead  mine  in  Cherokee  County,  S.  C. 
Silver  occurs  in  some  quantity  at  the  Silver  Hill  mine  in  Davidson  County,  N.  C,  but  on 
the  whole  is  not  very  plentiful  in  the  Southern  Appalachians. 


Copper  occurs  in  many  parts  of  the  area,  as  may  l^e  seen  from  an  examination  of  the  list 
of  minerals  given  under  gold  (pp.  62-63),  but  in  nearly  all  cases  the  amount  is  so  small  as  to 
l)e  negligible.  Chulcopyrite  is  the  most  common  copper-l^earing  mineral,  and  has  been  found 
at  the  Kings  Mountain,  Ferguson.  Big  Wilson,  and  Colossus  gold  mines;  at  the  M&tj  copper 
mine;  at  the  Cameron  lead  mine;  at  the  Jones  tin  mine,  and  at  other  places.  At  the 
Bn»wer  mine  enargite,  the  copper-arsenic  sulphide,  occurs  in  small  crystalline  grains  in  the 
blue  siliceous  gold  ore.  By  decomposition  it  furnishes  covellite  (cupric  sulphide),  and  on 
complete  oxidation  chalcanthite,  the  hydrous  cupric  sulphate,  is  produced.  The  chalcan- 
thite  forms  blue  coatings  on  the  walls  of  the  open  pit  wherever  recent  work  has  not  been 
done.  It  is  also  noted  by  Becker  in  the  Kings  Mountain  mine,  forming  a  blue  slime  on  the 
walls.  Chrysocolla  is  said  to  occur  in  an  old  shaft  of  the  same  mine.  Metallic  copper  is  said 
to  have  \)con  found  at  the  Nott  mine  in  Union  County,  S.  C.  From  the  description  of  the 
occurrence  there  it  .seems  probable  that  this  copper  is  a  product  of  secondary  enrich- 
ment from  original  sulphide  ores  alKive.     Pyrrhotite,  probably  copper  bearing,  is  found  at 


act.  Liolier,  rip.  cit.,  vol.  2,  p.  78. 
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the  Kings  Mountain,  Colossus,  and  Haile  gold  mines;  at  the  Cameron  lead  mine,  and  at  the 
Jones  tin  mine.  It  is  likely  that  much  of  the  pyrite  of  the  gold  mines  contains  a  small  per- 
centage of  copper.    Totrahed   te  is  said  to  have  been  found  at  the  Cameron  lead  mine. 

The  only  place  at  which  copper  is  known  to  have  been  sought  is  at  the  Mary  mine,  about 
5  miles  northeast  of  Yorkville,  S.  C.  This  mine  was  considered  by  Liebero  to  offer  vory 
favorable  indications.  The  coujitr>'  rock  is  a  dioritic  species  originally  containing  fairly 
calcic  plagioclaso,  hornblende  or  augitc,  ilnienit«,  and  sphene.  Regional  metamorphism 
converted  the  original  bisilicate  into  sexjondary  hornblende  and  the  plagioclase  into  oligo- 
clase  or  andesine,  abundant  epidote,  and  a  little  zoisite.  Metasomatic  alteration  along  the 
sulphide-bearing  quartz  veins  has  almost  completely  converted  the  uralite  into  brown 
biotite  and  has  changed  much  of  the  feldspar  into  sericite;  pyrite  has  also  been  introduced. 
The  quartz  itself  carries  both  pyrite  and  chalcopyritc  in  large  and  small  crystalline  masses 
and  grains.  From  the  statements  of  Liel)er  regarding  the  occurrence  of  secondary  minerals 
arranged  in  vertical  zones,  it  seems  probable  that  leaching  of  the  upper,  oxidized  portions 
of  the  vein  has  resulted  in  secondary  enrichment  below.  It  is  interesting  to  note,  in  this 
connection,  in  what  clear  terms  Lieber  described  certain  features  of  the  process  now  known 
as  secondary  enrichment.^  It  is  probable  that  the  "black  oxide"  which  he  describes  as 
occurring  just  above  the  primary  pyritic  ore  was  in  reality  the  sulphide,  chalcocite.  A  large 
quartz  vein,  apparently  barren,  occurs  a  short  distance  from  the  copper-bearing  vein. 
Several  pits  have  been  sunk,  and  it  is  rumored  that  some  ore  was  shipped  to  Charleston 
during  war  time  and  was  manufactured  into  shells,  but  this  seems  to  be  without  foundation. 


Lead  is  known  to  occur  at  the  Kings  Mountain  gold  mine  as  galena  and  as  nagyagite.  A 
more  important  deposit  was  known  as  the  Cameron  mine  and  earlier  as  the  Morgan  or 
Leitner  mine,  c  This  mine  is  situated  just  east  of  the  limestone  belt  of  the  Kings  Mountain 
Range  and  is  about  4  miles  southwest  of  Gaffney,  S.  C.  It  was  opened  before  the  war  as  a 
copper  mine,  but  lead  was :  oon  found  to  be  the  most  important  metal  present.  During  the 
war  the  demand  for  lead  for  bullets  caused  active  work  to  be  carried  on  at  this  place. 

The  country  rock  is  amphibolite,  cut  by  a  granitic  gneiss  containing  a  small  amount  of 
albite,  showing  crushing,  particularly  along  certain  bands,  and  undoubtedly  closely  related 
to  the  granite  of  the  tin  Ixilt. 

The  vein,  which  was  said  to  Ixj  2  to  2J  feet  wide,  is  parallel  to  the  foliation  of  the  country 
rock  and  consists  principally  of  quartz,  coarsely  crystalline  siderite,  and  chlorite.  The  ore 
minerals  arc  galena,  decomposing  to  cerussit«  and  leadhillite,  and  wulfenite  (lead  molyb- 
date).  The  small  needles  of  pyromorphite,  the  phosphate,  found  with  quartz  in  vugs  are 
also  probably  secondary.  Pyrite,  chalcopyrite  changing  to  covellite  and  malachite,  pyrrho- 
tite,  and  arsenopyrite  are  sparingly  present  in  the  quartz.  "Gray  copper"  (tetrahedrite?) 
is  said  to  have  been  found  here.  Thin  lx)tryoidal  coatings  of  brown  iron  oxide,  showing 
beautiful  radiating  structure,  line  many  cavities  in  the  vein.  The  galena  is  said  to  contain 
considerable  silver,  the  amount  per  ton  of  ore  in  one  lot  of  metal  being  reported  as  49 
ounces.^i  Gold  is  also  said  to  have  been  present. «  The  development  consisted  of  two 
shallow  tunnels  and  an  inclined  shaft  nearly  150  feet  deep.  The  writer  is  informed  by 
Capt.  A.  Thies,  who  worked  the  mine  for  the  Confederate  government,  that  not  much  lead 
was  present  and  that  the  total  output  of  the  mine  amounted  to  a  few  hundred  tons.  It  was 
at  one  time  contemplated  to  work  the  siderite  for  iron. 

Rich  galena  ore  occurs  at  the  Black  mine,  near  Indian  Trail,  Union  County,  N.  C,  just 
outside  the  area  contained  in  this  report,  but  the  quantity  was  not  ascertained. 

o  Op.  cit.,  vol.  1,  pp.  82-83;  vol.  3,  p.  199. 
h  Op.  cit.,  vol.  1,  p.  84;  vol.  2,  pp.  11-12. 

c  Liebcr,  op.  cit.,  vol.  I,  p.  86;  vol.  2,  pp.  74-78.    Shcpard,  C.  U.,  Report  on  the  Morgan  Silver-Lead 
and  Copper  Mine  in  Spartanburg  District,  S.  C.    London,  1855. 
d  Lieber,  op.  cit.,  vol.  2,  p.  78. 
«  Lieber,  op.  cit.,  vol.  3,  p.  198. 
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With  the  exception  of  a  small  amount  of  sphalerite  found  at  the  Kings  Mountain  mine, 
no  zinc  is  known  in  this  area. 


Considerable  activity  was  once  manifested  in  this  region  in  the  mining  of  this  most  essen- 
tial of  the  metals.  Of  the  several  iron-producing  regions  in  the  Carolinas,  that  along  the  Kings 
Mountain  Range  was  in  the  early  days  one  of  the  foremost.  The  Hills  Iron  ^fining  Company  is 
said  to  have  worked  before  the  Revolutionary  war  a  deposit  oc<!urring  on  Nannies  Mountain, 
about  12  miles  northeast  of  Yorkville.  The  Swedish  Iron  Alining  Company  in  the  vicinity 
of  Cherokee  Falls  and  the  Kings  Mountain  Iron  Mining  Company  in  the  vicinity  of  Kings 
Mountain  carried  on  rather  extensive  operations  before  and  during  the  civil  war.  More 
recent  work  has  been  done  at  the  Ormond  mine,  northeast  of  the  town  of  Kings  Mountain, 
N.  C,  and  at  several  places  south,  southwest,  and  southeast  of  Blacksbui^,  S.  C.  Nothing 
is  being  done  at  present. 

Owing  to  the  fact  that  nearly  all  the  workings  are  inaccessible  or  because  they  are  either 
caved  in  or  filled  with  water,  a  satisfactory  idea  of  the  character  of  these  deposits  was 
not  obtained.  The  only  place  where  geologic  relations  are  adequately  exposed  is  at  what 
is  known  as  the  No.  2  magnetite  pit,  about  2}  miles  south-southwest  of  Blacksburg  and 
only  a  short  distance  southeast  of  the  limestone  belt.  This  is  a  cut  50  to  60  feet  long,  30 
feet  wide,  and  about  30  feet  deep.  There  is  at  present  about  12  feet  of  water  in  the  pit. 
The  rock,  which  is  a  dark  slate,  strikes  about  N.  60°  E.  and  dips  very  steeply  to  the  south- 
east, although  there  appears  to  have  been  considerable  folding  and  contortion.  Masses  of 
dense  blue-gray  rock  occurring  in  several  places  may  be  basic  eruptive  material.  Magnet- 
ite is  irregularly  distributed  through  the  slate  in  disseminated  grains,  lai^  and  small 
enses,  and  shapeless  masses.  Associated  with  it,  in  bunches  and  veinlets,  is  a  white  fibrous 
material,  locally  called  serpentine,  which  proves  to  be  mostly  actinolite,  although  some  ser- 
pentine and  a  little  carbonate  are  present.  The  slate  consists  of  extremely  fine  shreds  of 
st'q^entine  with  a  small  amount  of  cail)onate  and  a  few  fragmental  grains  of  a  pale-greenish 
a'npliilmle  probably  actinolite. 

The  origin  of  this  ore  is  uncertain.  1  he  association  with  scipentine  may  indicate  that 
the  magnetite  is  a  segregation  from  a  basic  igneous  rook,  the  whole  having  then  been  sub- 
jected to  folding  and  eonsecjueiit  metamorphisni. 

Tliis  magnetite  is  said  to  he  of  very  good  (|uality.  Considerable  was  mined  and  use<l 
before  and  during  the  civil  war  in  the  furna(  es  along  Broad  River.  Remains  of  some  (►f 
these  furnaces  are  still  to  he  seen.  Several  tons  of  ore  are  at  present  piled  up  near  the  pit. 
From  its  appearance  the  writer  would  judge*  that  its  content  of  iron  is  rather  too  low  to  be 
profitable,  and  it  is  cjuestionable  if  high-grade  ore  can  he  mined  from  this  deposit. 

About  one-fourth  of  a  mile  farther  northeast  a  pit  which  is  probably  on  the  same  deposit 
exhibits  similar  conditions.  The  slaty  rock  shows  better  foliations,  dipping  very  steeply 
to  the  southeast.     Iron  appears  less  abundant. 

At  several  points  along  the  etustern  side  of  the  Blacksburg  fold  and  near  the  (juartzite 
ridges  occur  deposits  of  iron  oxide.  Some  of  these  are  limonite,  some  hematite,  some  mag- 
netite, and  some  mixtures  of  any  or  all.  This  belt  is  known  to  extend  from  a  mile  or  two 
south  of  Broad  River  through  Cleveland,  Gaston,  and  Lincoln  count iei?  and  into  Catawba 
County.  Following  closely  along  this  iron  belt  through  nearly  its  whole  extent  is  a  band 
of  manganese  oxide. 

Considerable  w<uk  was  once  done  on  the  south  side  of  Broad  River.  Before  the  Michi- 
gan and  Alal)ama  fields  were  worked  these  deposits  furnished  a  great  part  of  the  iron  locally 
consumed,  and  it  is  said  that  some  was  shipped  away.  Other  workings  were  located  in 
Gaston  and  Lin<-oln  <ounties.  Deposits  of  this  kind  are  known  on  the  ridge  north  of  Chero- 
kee Factory,  in  Cherokee  Comity ,  and  in  the  vicinity  of  Wolf  Creek,  near  the  York  County 
line.     At  the  latter  place,  on  property  of  Mr.  W.  li.  McCaw,  a  deposit  of  solid  crj^stallhie 
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hematite  oc^^urs.  The  iron  ore  is  also  disseminated  through  the  wall  rock  for  some  dis- 
tance away  from  the  main  body.  Tlie  surrounding  rock  is  much  decomposed,  but  is  prob- 
ably a  quartz-sericite  schist.  It  is  said  that  the  iron  is  of  good  grade  and  contains  only 
small  amounts  of  sulpliur  and  pliosphorus.  If  the  pits  which  have  been  dug  give  any  idea 
of  the  extent  of  the  deposit,  little  can  be  expected  of  it  from  the  commercial  standpoint. 
Tlic  same  st^itemcnt  may  be  applied  to  all  the  other  deposits  of  this  type  which  have  been 
visitexi. 

It  s(>ems  not  unlikely  that  these  tx>dies  represent  deposits  of  bog  iron  ore  buried  by  later 
sediments  and  then  subjected  to  mctamorphism  which  converted  much  of  the  limonite 
into  hematite  and  in  part  even  to  magnetite.  Such  an  origin  would  explain  the  small 
extent  and  tlie  discontinuity  of  tiro  deposits.  A  small  deposit  of  limonite  ore  in  decom- 
posed schist  has  been  opened  in  shallow  pits  on  the  property  of  William  Martin,  about  3 J 
mih«  northwest  of  Blacksburg  and  just  over  the  line  in  Cleveland  County,  N.  C.  The  inters 
bedding  of  the  deposit  with  the  surrounding  slates  suggests  that  it  likewise  originated  from 
bog  iron  ore. 

South  of  Kings  Mountain  the  Kings  Mountain  Range  breaks  up  into  smaller  mounds  and 
separated  ridges.  East  of  Blacksburg  on  one  of  these  ridges  some  pits  have  been  sunk  on 
iron-rich  places  in  the  schist,  and  a  comparatively  small  amount  of  ore  has  been  taken  out. 
It  consists  of  lK)th  limonite  and  hematite,  but  at  a  depth  of  20  to  25  feet  becomes  pyritic 
and  soon  pa.*«es  into  solid  pyrite. 

Ore  of  a  similar  nature  has  been  found  on  the  knob  just  south  of  Broad  River  not  far 
from  Cherokee  Falls.  Open  cuts  of  considerable  size  furnished  ore  for  several  blast  fur- 
naces and  bloonieries  situated  along  the  river  in  war  times.  These  old  openings  are  now 
nearly  filled  with  debris  and  matciial  from  the  caving  of  the  walls.  The  ore  here  is  not  so 
certainly  derived  from  pyrite  as  that  on  the  north  side  of  the  river  just  above,  but  the  simi- 
larity in  appearance  and  occurrence  of  the  oxide  ores  is  great. 

Iron  of  good  grade  occurring  in  streaks  or  vein-like  masses  was  once  mined  to  a  small 
extent  froip  the  Ross  property,  near  Wolf  Creek.o  Here,  too,  the  percentage  of  sulphur 
increased  with  depth,  and  finally,  it  is  said,  the  ore  became  such  massive  pyrite  that  it  was 
used  for  the  manufacture  of  sulphuric  acid. 

During  Revolutionary  times  iron  was  mined  at  the  Hills  iron  works  on  Nannies  Moun- 
tain, York  County.  The  mck,  an  impure  foliated  quartzite,  is  cut  by  a  "vein"  wliich 
strikes  N.  15°  E.  and  dips  80°  to  85°  E.  Where  l)est  exposed  it  is  6  feet  wide,  but  must 
have  been  nuich  wider  in  places,  to  judge  from  the  width  of  some  of  the  pits  on  it.  This 
band  is  com{H>Ked  of  mixed  limonite  and  hematite,  much  of  it  porous.  Near  a  small  stream 
which  crosses  the  belt  a  shallow  pit  reaches  granular  quartz  heavily  impregnated  by  pyrite. 
It  is  evident,  therefore,  that  the  iron  mined  was  simply  the  oxidized  cap  of  a  pyrite  vein. 
It  is  said  that  prospecting  by  means  of  a  diamond  drill  showed  a  heavy  body  of  sulphides, 
partly  pyrrhotite,  at  a  depth  of  400  feet.  It  seems  probable  that  oxidation  of  this  deposit 
has  been  pretty  complete  down  to  water  level,  while  below  that  the  sulphides  are  little 
altered. 

It  is  probable  that  these  sulphide  tjodies  represent  veins  and  fahlbands  and  are  distinct 
in  origin  from  those  deposits  which  are  l^elieved  to  have  accumulated  in  bogs. 

The  Onnond  mine,  about  5  miles  northeast  of  the  town  of  Kings  Mountain,  has  been 
more  developed  than  any  of  the  iron  deposits  in  the  district  described.  At  the  time  of  visit 
the  workings  were  inaccessible,  and  little  but  waste  was  to  be  seen  on  the  dump.  A  rather 
full  description  of  the  mine  is  given  by  Nitze.b  The  main  shaft,  173  feet  deep,  encoun- 
tered some  good  ore  bodies  at  the  bottom,  considerably  below  present  water  level.  On 
the  other  hand,  masses  of  pyrite  and  pyrrhotite  c  have  been  found  in  various  portions  of 
the  workings.     Manganese,  nickel,  and  cobalt  oxides  have  been  found  with  the  ore.'' 


a  See  Llel)er.  op.  cit.,  vol.  1,  p.  89. 

b  Bull.  North  Carolina  Geof.  Survey  No.  1, 1893,  pp.  93-102. 

cWurtz,  11.,  Proe.  Am.  Assoc.  Adv.  Sci.,  vol.  12,  1859,  p.  223;   Am.  Jour.  8c4.,  2d  aer.,  vol.  27,  1869, 


II.  26.    rt.  also  Tuomey,  M.,  Geology  of  South  Carolma,  1848,  pp.  81^83. 
dWurtz,H.,loc.cit 
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Whether  this  ore  was  once  a  sulphide  that  is  now  oxidized  below  the  water  level  or  whether 
original  oxide  ores  are  present  along  with  pyrite  the  writer  is  unable  to  say. 

The  presence  of  gold  in  an  old  iron  deposit  known  as  the  Bird  bank,  mentioned  by  Tuo- 
mey,o  may  tx;  an  indication  that  the  deposit  was  the  gossan  of  a  sulphide  vein. 

In  conclusion  it  may  be  said  that  so  long  as  the  great  sources  of  present  supply  of  iron 
maintain  their  productiveness  there  seems  little  hope  of  the  deposits  of  this  portion  of  the 
Carolinas  assuming  much  commercial  importance. 

MANGANESE. 

So  far  as  known  no  manganese  has  ever  been  produced  in  this  region,  although  it  lias 
long  been  known  to  occur.  Mention  has  already  been  made  (pp.  26, 114)  of  the  black  (>elt 
carrying  manganese,  which  occurs  on  the  east  side  of  the  Blacksburg  fold.  In  places  the 
percentage  of  manganese  is  high  and  ought  to  warrant  more  exploitation  than  the  few 
shallow  pits  which  have  been  sunk  east  of  Blacksburg.  Analyses  of  specimens  from  this 
place  by  Nitze  b  run  up  to  57  per  cent  of  metallic  manganese.  A  qualitative  examination 
of  this  manganese  ore  by  Dr.  E.  C.  Sullivan,  of  the  United  States  Geological  Survey,  shows 
that  it  contains  traces  of  both  nickel  and  cobalt. 

It  seems  probable  that  these  deposits  are  metamorphosed  bog  ores.  On  the  property  of 
Dr.  F.  H.  Morton,  near  Draytonville  Mountain,  about  on  the  strike  of  this  manganese  belt, 
a  depression  of  several  acres  in  extent  is  covered  with  a  layer  of  concretionary  manganese 
oxide,  with  some  iron,  mixed  with  a  small  amount  of  clay — a  typical  bog  ore.  It  has  prob- 
ably been  derived  by  decomposition  of  the  manganiferous  belt.  It  is  possible  that  a  suffi- 
cient amount  of  ore  of  suitable  grade  is  present  to  make  the  deposit  valuable. 


Some  years  ago  pyrite  was  mined  a  few  miles  north  of  Kings  Mountain  and  was  used  by 
the  Virginia-Carolina  Chemical  Company  for  the  manufacture  of  sulphuric  acid.  For  rea- 
sons which  wtTo  not  learned  optTations  were  su.sp(»nded,  and  in  1904  the  inachinor}-  was 
being  hauled  nway. 

A  plant  near  Blacksburg,  (tocUhI  some  yeai-s  ago  for  tiio  puq)ose  of  manufacturing:  sul- 
phuric acid  Hud  iron  paint  from  pyrite,  and  at  the  same  time  recovering  any  gold  which 
the  sulphide  might  contain,  obtained  most  of  its  on\s  from  mines  in  the  northwestern  part 
of  York  (\)unty,  the  Ferguson,  M(<iill,  and  Ross  &,  Carroll  mines  being  among  the  number. 
The  general  report  is  tliat  the  process  wa.s  not  succt^ssful. 


Bands  of  graphite  occurring  as  nieiul)ers  of  the  rock  series  which  makes  up  the  Kings 
Mountain  Range  attain  in  places  a  thickness  of  20  feet,  but  the  mineral  is  said  in  general 
to  be  too  impure  to  have  conunerciai  value. 


Barite  is  said  to  occur  in  considerable  amount  (m  the  eastern  side  of  Kings  Mountain. 
Specini(»ns  indicate  tliat  some  of  it  is  rather  pure.  Mining  was  carried  on  for  some  time 
up  to  about  thrtv  years  ago,  and  the  output,  which  was  shipped,  reached  at  times  20 
wa;^()n  loads  per  day.     Recently  no  work  has  been  done. 


Beginning  about  3  miles  west  of  GalTney,  the  ranwarth  phosphate,  monazite,  occurs  along 
a  northeasterly  belt  which,  with  a  short  gap  near  Broad  River,  continues  into  Cleveland 
County,  N.  C.  To  the  south  the  monazite  belt  is  known  to  reach  nearly  to  Greer,  Gnvn- 
ville  County,  S.  C.     The  most  extensive  deposits  occur  in  the  northern  portion  of  this  l>elt, 


aOp.cit..  p.8«. 

6  Bull.  North  Carolina  Ctcol.  Sur\'ey  No.  1, 1803,  p.  112. 
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outside  of  the  territory  embraced  in  this  report,  but  considerable  of  this  mineral  has  been 
obtained  by  placer-mining  methods  in  the  western  part  of  Cherokee  County,  which  is  within 
the  area  here  described. 

On  Cole  Creek,  about  3  miles  west  of  Gaffney,  are  situated  the  Littlejohn  and  Iluskey 
workings.  The  Littlejohn  deposit,  near  the  head  of  the  creek,  has  been  worked  over  sev- 
eral times  20  or  30  feet  wide  along  the  creek.  The  soil  at  farther  distances  shows  con- 
siderable monazite  on  panning,  but  the  distance  to  water  is  too  great  to  make  recovery 
profitable.  At  the  time  of  visit  Cole  Creek  was  so  low  that  but  little  washing  could  be 
done. 

The  Iluskey  placer  adjoins  to  the  south,  or  downstream.  The  workings  here  have  boon 
wider,  owing  to  richer  ground  and  more  water.  This  deposit  likewise  has  been  worked 
over  several  times,  giving  each  time  a  profitable  amount  of  monazite.  Two  small  branches 
of  Cole  Creek  come  in  from  the  west  on  the  Huskey  property,  and  the  southern  one  of 
these  has  been  very  rich. 

The  Lemon  mine,  about  three^ourths  of  a  mile  north-northeast  of  the  Littlejohn,  has 
been  the  most  productive  deposit  in  the  region.  Situated  on  the  forks  of  a  small  stream 
at  its  junction  with  Cherokee  Creek,  the  workable  area  is  comparatively  extensive.  Rich 
bars  have  been  found  to  contain  as  much  us  30  per  cont  of  monazite. 

About  a  mile  still  farther  northeast,  on  a  small  stream  running  southeast,  are  the  Mag- 
ness,  SwafTord,  Jones,  and  Sarratt  placers,  the  latter  said  to  be  controlled  by  the  Welsbach 
Company.     These  are  said  to  have  produced  well.     They  are  not  being  worked  at  present. 

All  these  plac(»rs  are  situated  practically  at  the  source  of  the  monazite.  So-called  ledges 
exposed  in  the  stream  cuts  carry  monazite  a^s  a  constituent  of  the  rock.  These  ledges, 
which  have  ovory  appearance  of  dikes,  cut  a  country  rock  of  greenish-gray  gametiferous 
schist.  They  consist  of  quartz,  feldspar,  and  brown  biotite,  and  according  to  the  propor- 
tion of  the  mica  are  either  light  or  dark  in  color.  The  dark  ledges  are  more  common. 
In  all  cases  observed  these  ledges  are  intercalated  with  the  surrounding  schist.  Although 
somewhat  crushed,  showing  a  faint  augen  structure  which  might  class  the  rock  as  a  gneiss, 
these  lodges  exhibit  plainly  the  intergrowth  of  quartz  and  feldspar  characteristic  of  peg- 
matite dikes,  and  microscopic  evidence  is  confirmatory.  These  dikes  have  already  lM>en 
described  (pp.  20-22).  The  inonazit<>  ocxrurs  as  an  original  constituent  of  the  dikes  in 
crystals  which  usually  have  well-developed  i&cvs  and  which  range  in  size  from  microscopic 
to  half  a  ct'ntiinrU'r  in  diameter. 

It  is  possibli^  that  monaziU^  also  occurs  as  an  impregnation  in  the  schist  near  the  peg- 
matite dikes,  but  the  writer  found  no  proof  of  this.  An  interesting  feature  in  ex)nnection 
with  these  dikes  is  the  presence  in  them,  apparently  as  an  original  constituent,  of  numer- 
ous scales  of  graphite.  So  far  as  known,  no  apatite  has  been  found  associated  with  the 
monazite  in  this  region.  Cerite,  a  raro-carth  silicate,  in  specific  gravity  and  appearance 
similar  to  monazite,  is  said  to  occur  in  considerable  quantity  at  some  of  the  mines,  and 
being  incapable  of  separation  from  the  monazite  by  any  method  yet  devised  seriously 
affects  the  value  of  the  product.  In  a  few  cas:?s.  where  the  richness  and  the  degree  of 
decomposition  of  the  dikes  permit,  they  are  worked  in  the  same  way  as  the  gravel,  being 
washed  through  a  screen  and  caught  in  a  sli]ic3  box;  but  in  general  the  sticky  kaolin 
resulting  from  the  decomposition  of  the  feldspars  makes  thorough  washing  and  complete 
rec-over}'  difficult. 

While  the  gravel  or  so:l  at  some  distance  from  the  streams  not  uncommonly  contains  ns 
high  a  p<>rcentage  of  monazite  as  is  found  in  the  stream  bed  on  the  second  and  subsequent 
washings,  it  is  in  few  cases  profitable  to  work  such  deposits.  The  mineral  from  this  source, 
however,  serves  to  replenish  the  supply  in  the  streams,  being  carried  in  by  .the  heavy 
rains.  That  t\\o  stream  gravels  can  be  worked  with  profit  several  times  is  probably  owing 
as  much  to  this  fact  as  to  the  low  recovery  of  the  early  washings. 

The  region  seems  to  have  been  pretty  thoroughly  prospected,  and  there  can  be  little 
doubt  that  the  richest  ground  has  already  been  found  and  exhausted.  Mr.  M.  E.  Gettys, 
of  Gaffney,  is  principally  interested  in  these  deposits. 
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A  little  monazite  has  been  found  on  the  Perry  place,  near  GaiTney,  and  at  sevoraJ  locali- 
ties in  the  northern  part  of  York  County. 


The  occurrences  of  spodumene,  mentioned  on  page  48,  may  be  worthy  of  investigation 
as  a  sourc/C  of  lithium  or  even  as  a  possible  locality  for  the  spodumene  gems — kunzite, 
hiddenite,  triphane,  etc. 

MICA. 

Although  some  prospecting  has  been  done  on  pegmatite  dikes  northeast  of  Kings  Moun- 
tain station  and  northwest  of  Blacksburg,  mica  has  never  been  found  in  commercial  quan- 
tities in  this  immediate  region,  although  not  far  to  the  northwest  the  mica  industry  Ls  one 
of  importance. 

CX)RtJNDUM. 

Corundum  is  known  to  occur  in  the  vicinity  of  Nannies  Mountain  in  York  Count}- ,  and 
has  been  reported  from  the  Perry  place,  just  west  of  GafTney.  At  two  places  near  Nannies 
Mountain  it  has  been  mined.  On  the  Barron  property,  southeast  of  the  summit,  a  few 
shallow  shafts  have  been  sunk  and  some  of  the  mineral  obtained.  The  workings  are  now 
in  such  condition  thai  they  show  nothing  of  the  occurrence*,  and  no  rock  is  exposed  near  by. 
At  the  Clinton  place,  IJ  miles  northwest  of  Nannies  Mountain,  some  pits  and  trenches 
and  a  30-foot  shaft  constitute  the  development  work.  These  also  are  caved  in  and  grown 
over  with  grass,  so  that  no  good  idea  of  geologic  relations  csin  be  obtained.  A  few  rods 
away  a  decomposed  granitic  rock  cut  by  diabase  is  exposed.  Some  corundum  is  piled  up 
near  the  pits  and  shows  decomposition  into  muscovite.  Some  of  the  mineral  occurs  in 
masses  a  foot  in  diameter,  with  imperfect  radial  structure.  It  is  said  that  several  tons 
have  been  shipped  from  this  place  by  Rickard  &  Hewitt,  of  Brooklyn,  N.  Y.,  who  control 
both  this  and  the  rSarron  property.  Float  is  rather  plentiful  for  some  distance  northe«f;t 
of  the  Clinton  place. 

LIMESTONE. 

liesidos  a  fairly  wide  use  as  building  stone  in  this  n^gion,  the  limestone  of  the  Kings 
Mountain  l>clt  has  Ix'en  rather  ext<>nsivoly  quarried  and  burned  to  form  lime.  Quarries, 
now  abandoned,  have  !>een  made  at  Kings  Mountain  and  at  Blacksburg,  and  two  quarries 
of  good  size  (see  PI.  II,  p.  18)  are  now  U'ing  worked  at  Galfney,  where  a  nunilxM-  of  con- 
tinuous kilns  with  iron  shells  produ<'e  about  2()0  barrels  of  lime  daily.  The  crvstariine  rcH'k, 
almost  white,  is  said  to  produce  so  low  a  grade  of  lime  that  but  little  of  it  is  us4»d,  while 
the  blue  compact  rock  furnishes  a  lime  of  good  quality.  The  cr>'stalline  variety  is  prob- 
ably rather  dolomitir.     (Sc»e  anah'se,s,  p.  19.) 


Near  Orover,  N.  (\,  clay  from  some  beds  of  comparatively  small  extent  is  shipped  to 
Richmond,  A'a.,  and  is  said  to  Iw  used  for  pottery  and  as  fire  clay.  A  deposit  t>ccurring  6 
miles  southeast  of  (lallney  furnishes  material  for  a  small  oven  which  produces  rough  pottery. 
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By  Waldemar  Liniksren 


INTROI>UC'TIOX. 

The  gold  mines  of  the  Southern  States,  especially  of  the  Carolinos,  Georgia,  and  Alabama, 
have  during  the  last  decades  declined  in  importance,  and  they  have  also  been  eclipsed  by 
the  larger  production  due  to  successive  discoveries  in  the  Western  States.  In  consequence 
of  this  they  have  not  in  recent  years  obtained  their  share  of  attention  from  geologists. 
But  it  must  not  be  forgotten  that  they  were  the  first  gold  deposits  which  were  studied  by 
American  geologists,  and  that  about  forty  to  sixty  years  ago  they  received  much  attention 
by  such  men  as  Silliman,  Rogers.  Whitney,  E.  Emmons,  Lieber,  and  Kerr.  The  results 
of  their  studies  were  naturally  applied  to  such  western  discoveries  as  the  California  gold- 
quartz  veins,  and  thus  the  conceptions  of  "lenticular  masses"  and  "segregated  veins" 
were  improperly  transferred  to  western  occurrences.  No  doubt  the  southern  gold  veins 
and  those  of  California  pi*csent  some  striking  features  of  similarity,  but  the  profound  differ- 
ences were  overlooked,  and  the  correct  view  of  the  latter  as  sharply  defined  fissure  veins 
bus  only  lately  found  acceptance  in  the  general  literature  of  ore  deposits. 

The  first  modem  geological  investigation  of  the  southern  gold  deposits  was  made  by 
Dr.  G.  F.  Becker  in  189/),'»  and  his  resulft  throw  much  light  on  their  mod<!  of  formation  and 
aid  in  their  proper  rlassification.  Since  then  detailed  descriptions  of  many  mines  have  been 
published  by  the  State  geologists  of  North  Carolina  and  Georgia.  When  Mr.  L.  C.  Graton  was 
detailed  to  the  investigation  which  forms  the  subject  of  this  report,  nanuly,  the  examination 
of  the  gold  and  tin  de|X)sits  of  the  central  portion  of  the  (Vrolinas,  it  was  my  hope  that, 
besides  the  practical  results,  some  data  on  which  to  base  conclusions  as  to  origin  might  be 
gained,  and  a  perusal  of  the  bulletin  will  show  that  this  hope  wps  justified.  After  visiting 
some  of  the  principal  occurrences  in  the  region  under  investigation,  Mr.  Graton  and  myself 
made  a  brief  trip  to  Dahlonega  for  the  purpose  of  comparing  these  veins  >^  ith  those  farther 
north.  The  notes  obtained,  as  well  as  some  general  conclusions,  will  1k>  found  in  the  follow- 
ing paragraphs,  and,  though  very  incomplete,  may  serve  to  fix  a  little  more  sharply  than 
has  lK»en  done  before  the  group  in  which  these  deposits  belong  and  some  of  their  more 
striking  distinctions  compared  with  the  gold  deposits  of  the  Cordilleran  region. 

GKNEHAI.  GEOLOGY. 

The  mines  of  the  Dahlonega  district  of  Lumpkin  County,  Ga.,  have  been  described  in 
more  or  less  detail  in  several  publications.  Among  them  should  be  mentioned  the  "  Recon- 
naissance of  the  gold  fields  of  the  Southern  Appalachians,"  by  Dr.  G.F.  Becker,^  and  "The 
present  condition  of  gold  raining  in  the  Southern  Appalachian  States," c  by  Messrs.  Nitze 
and  Wilkens.  Besides  these,  Dr.  W.  S.  Ycates  published,  in  1896,  as  State  geologist  of 
the  Georgia  Geological  Survey,  "A  preliminary  report  on  a  part  of  the  gold  deposits  of 

a  Gold  fields  of  the  Southern  Appalachians:  Sixteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3,  1896, 
pp.  251-331. 
t>  Sixteenth  Ann.  Rept  U.  S.  Geol.  Survey,  pt.  3.  \fm.  pp.  2r.l-331. 
c Trans.  Am.  Inst.  Min.  Eng.,  vol.  25,  im,  pp.  601-706, 1021, 1025. 
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Georgia."**  Finally,  Mr.  Edwin  C.  Eckel  has  recently  described  the  "Gold  and  pyrite 
deposits  of  the  Dahlonega  district/'**  in  ''Contributions  to  economic  geology  for  1902." 

It  will  be  seen  from  this  list  that  the  district  has  received  a  considerable  amount  of  atten- 
tion, and  that  the  main  features  of  the  occurrence  of  the  mineral  deposits  are  fairly  well 
known.  It  is  not  the  purpose  of  the  present  contribution  to  present  a  detailed  description, 
nor  a  complete  one,  of  the  Dahlonega  mines.  Indeed,  for  such  a  purpose  the  time  allotted 
was  by  far  too  short.  It  is  intended,  however,  to  bring  out  in  a  little  more  detail  than  has 
been  done  before  a  few  of  the  petrographic  and  mineralogical  features,  by  which,  perhaps, 
a  somewhat  clearer  light  may  be  thrown  on  the  true  character  and  origin  of  that  peculiar 
class  of  deposits  to  which  these  gold-quartz  veins  belong.  - 

The  general  geology  of  the  district  has  been  outlined  by  several  of  the  writers  mentioned 
above,  especially  by  Eckel,  and  to  the  description  of  the  main  relations  of  the  rocks  there 
b  but  little  to  add. 

The  two  most  common  rocks  of  the  district  are  a  mica  schist  and  an  amphibolit*.  The 
mica  schist,  which  is  the  prevailing  rock,  is  exposed,  for  instance,  at  the  PVoacher  Cut,  at 
the  Benning  mine,  along  Yahoola  Creek,  and  in  many  other  places.  The  rocks  strike  in 
general  about  N.  60^  E.  and  dip  at  a  high  angle  to  the  east,  but  both  strike  and  dip  are 
subject  to  abrupt  variations.  The  mica  schists  arc,  in  general,  dark  gray  to  dark  brown 
and  medium  to  fine  grained.  In  places  they  approach  perfect  fissility,  but  ordinarily 
show  curved  and  irregular  surfaces  of  schistosity  which  are  covered  with  glistening  scales 
of  biotite  and  muscovitc.  One  of  the  most  typical  rocks  is  that  exposed  at  the  Preacher 
Cut,  about  one-half  mile  south  of  the  town  of  Dahlone^.  (See  fig.  15.)  This  is  a  fine- 
grained brownish-gray  schist.  The  small  flakes  of  biotite  have  accumulated  on  the  cleavage 
faces,  which  show  fairly  good  fissility.  Under  the  microscope  the  rock  shows  quartz 
mosaic  with  very  few  feldspar  grains.  Embedded  in  this  mosaic  lie  abundant  idioblasts  of 
magnetite;  brownish-green  biotite  in  parallel  orientation;  straight,  small  muscovite  foils, 
also  mainly  extended  along  one  plane;  and  finally,  rather  abundant,  well-developed, 
small  bluish-gray  prisms  of  tourmaline.  The  structure  is  typically  crystalloblastic,  to  use 
the  term  recently  introduced  by  Prof.  F.  IVckt',  qt  Vienna,  c 

The  origin  of  a  rock  so  thoroughly  retrystallized  as  this  is  always  open  to  some  doubt, 
but  I  consider  it  reasonably  certain  that  the  quartz-mica  schist  of  the  Preacher  Cut  is  of 
sedimentary  origin.  Tlie  consensus  of  opinion  thus  far  regarding  the  mica  schists  appt^ars 
to  be  that  they  are  not  indisputably  sedimentary  rocks.  The  normal  schist  of  the  country, 
wherever  good  exix)sures  are  available,  proves  to  Iw  similar  to  this  specimen  just  dt>scrilx»d, 
although  the  grain  is  usually  somewhat  coarser  and  the  sedimentary  origin,  though  proba- 
ble, is  less  distinctly  indicat<>d.  A  specimen  of  dark  brownish-gray  mica  schist,  from  the 
Juml)o  mine,  vshows  again  a  mosaic  of  quartz,  with  a  few  grains  of  albite.  This  mosaic 
contains  abundant  dirty-brown,  sharply  outlined  foils  of  biotite*  and  smaller  ones  of  mus- 
covite. Pyrrhotite  is  present  in  small  anhedrons,  but  no  muscovite  was  ol)served.  Tlie 
structure  here  also  is  typically  crystalloblastic. 

No  further  clew  has  l)een  found  as  to  the  age  of  the  schists.  They  have,  in  common 
with  all  the  other  rcK^ks  of  the  district,  been  regarded  as  pre-Cambrian  by  Becker  and 
other  ol)servers,  but  Eckel  is  inclined  to  question  this  conclusion  and  thinks  that  they  may 
possibly  1h'  of  Cambrian  or  Lower  Silurian  age.  So  far  as  known,  however,  no  Cambrian 
rocks  in  the  St)uth  are  intruded  by  granite,  but,  as  is  shown  on  page  122,  these  mica  schists 
contain  considerable  bodies  of  such  intrusives. 

As  emphasized  by  previous  writers,  several  large  and  irregular  bodies  of  amphibolite 
occur  in  the  district,  as  well  as  in  adjoining  regions.  The  contacts  Ijeween  amphibolite 
and  mica  schist  are  usually  sharply  defined.  In  some  places,  as  at  the  Preacher  Cut,  the 
relation  of  the  two  rocks  decidedly  indicates  that  the  amphilx)lite  is  intrusive  into  the 


a  Hull.  Cioorgia  Gool.  Survov.  N<>.  4-A. 
b  Hull.  U.  S.  Geol.  Survov.  No.  213.  11K)3,  pp.  .■)7-f«, 

c  IJcbcr  Mlneralbcstand  iind  Stniktur  der  kristalliiiiscluni  Schiefcr:  Sitz.-Bcr.  d.  Wiener  Akadcralc. 
May  7,  1903. 
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mica  schist  and  that  it  was  originally  a  diorite  or  a  diabase  which  has  been  deeply  altered 
by  dynamometamorphic  processes.  The  strike  and  dip  of  the  schistosity  is,  in  genecal, 
conformable  to  that  of  the  mica  schists,  but  this  again  is  subject  to  some  marked  excep- 
tions.    The  strike  and  ^ip  of  the  schistosity  vary  considerably  from  plac^  to  place. 

The  amphibolite  is  well  exposed  in  the  town  of  Dahlonega,  no«r  the  Preacher  Cut,  and 
on  the  road  from  Dahlonega  to  the  Lot^khart.  The  amphibolite  from  the  dump  of  the  Oown 
Mountain  mine,  at  the  mill  below  the  Preacher  Cut,  is  a  typical,  dark-green,  roughly 
schistose  rock  of  medium  grain,  in  which,  by  the  naked  eye,  may  be  distinguished  small 
prisms  of  amphibole  with  specks  of  pyrrhotite.    In  places  narrow  streaks  appear  in  which 


Shsdet/sretm  r^preaent  open  cuts 


Fig.  15.— Sketch  map  of  the  vicinity  of  Dahlonega,  Ga.,  showing  location  of  minco. 


the  feldspar  prevails  over  the  amphibole,  thus  giving  a  lighter,  greenish-white  aspect  to  the 
rock.  The  constituents,  as  seen  under  the  microscope,  comprise  green  amphibole,  chlorite, 
calcite,  quartz,  albite  (?),  magnetite  or  ilmenite,  pyrrhotite,  and  chalcopyrite.  The  struc- 
ture of  the  rock  is  characteristically  crystalloblastic.  Thorough  re<>rystallization  has 
taken  place,  and  the  principal  mass  now  consists  of  a  quartz-feldspar  mosaic  in  which  lie 
embedded  ragged  and  elongated  grains  of  hornblende,  some  of  them  inclosing  small  parts 
of  the  mosaic.  The  mosaic  contains  very  few  striated  feldspar  grains,  but  much  feldspar 
is  present,  and  most  of  it,  as  indicated  by  its  optical  properties,  is  an  oligoclase,  although 
some  of  it  may  also  be  albite.  The  chlorite  has  the  normal  characteristics  of  that  mineral, 
and  its  occurrence  renders  it  probable  that  it  is  wholly  derived  from  the  hornblende  by 
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hydrochcmioal  mctamorpliism.  Calcito  is  prcBont  in  compart  or  elongated  aggregates,  many 
of  which  inohidc  small  parts  of  the  quartz  mosaic;  it  penetrated  and  Ls  being  penetrati*d 
by  hornblende.  Tlie  only  mica  present  consists  of  sipall  foils  of  chestnut-brown  hiotite 
embedded  in  the  mosaic. 

Of  the  metallic  minerals,  magnetite  is  present  in  elongated  masses,  in  places  intergrown 
with  pyrrhotitc  and  chalcopyrite.  There  is  no  pyrite,  but  a  considerable  amount  of 
pyrrhotite,  usually  int^^rgrown  with  smaller  grains  of  chalcopyrite.  In  many  places  these 
sulphides  are  inclosed  in  calcite  or  in  hornblende. 

The  most  recent  rock  of  the  bed-roc"k  series  is  a  light-colored,  coanBe-grained  granite, 
exposed  at  the  Benning  mine  and  at  several  points  west  of  Yahoola  Creek,  in  a  westerly 
direction  from  Dahlonega. 

The  relations  of  graniU>  to  the  mica  schists  are  very  clearly  exposed  at  the  Benning  mine, 
and  the  contact  is  illiL<itrat4^d  in  PL  VIII.  The  main  contact,  shown  near  the  ri^t  of 
the  plate,  is  .somewhat  indistinct  for  a  distance  of  several  feet,  and  this  is  due  to  the 
thorough  injection  of  the  schists  near  the  contact  plane  by  granitic  magna,  so  that  the  rock 
here  has  the  appearance  of  granite  containing  a  great  number  of  thin  and  dimly  outlined 
streaks  of  schist.  About  10  feet  to  the  north  of  the  contact  the  schist  contains  dikes  of 
granite.  Tliese  dikes,  which  are  injected  lx»tween  the  planes  of  scliistosity,  are  bent  and 
in  some  places  contorted  and  liave  acquired  a  slight'schistosity,  as  has  also  the  main  mass 
of  the  gn*&nitc  whenever  exposed. 

Tlie  B<'nning  granite  is  a  white,  coarse,  granular,  imperfectly  schistose  rock.  The 
schistosity  is  appan^nt  chiefly  by  the  development  of  sericite  on  incipient  planes.  In 
sections  pcri)cndi('ular  to  the  schLstwity  the  lenticular  form  of  many  of  the  grains  indicates 
the  pressun'  to  which  the  rock  has  l)e(>n  subjected.  Besides  quartz  and  feldspar,  the  rock 
contaiiLs  large  flakes  of  biotite,  5  to  8  mm.  in  diameter,  which,  however,  have  mostly  been 
converted  into  aggregates  of  nuLscovite.  Tlie  microscope  shows  a  granular  but  distinctly 
compr(\ssed  rock.  Tlie  large  quartz  grains  are  converted  into  aggregates  of  the  same 
mineral.  Tlie  feldspurs,  wliich  consist  of  orthoclase  and  oligoclase  in  large  grains,  contain 
an  ahundaiK'o  of  stniiglit  niuscovite  foils,  which  have  developed  on  the  cleavage  planes. 
They  also  contain  zoisitc  and  cpidot^*  in  small  <Tvstals  and  grains.  In  places  a  great  amount 
of  rot  n'stallizcd  aggrogatrs  of  quartz  and  ft^ldspar  mingled  with  muscovite  have  formed. 

A  whit(\  coarsoly  granular  rock,  collc<*ted  from  the  I^^nning  mine,  proved  to  be  almost 
wholly  <(>nij)osod  of  ulbitc  in  large  anhedral  or  roughly  square  graiiLs  with  thin  twin  lamellip. 
Tlicro  is  no  otluT  niin<'ral  present  in  this  rock  cx<-<»pt  a  little  nuLscovite  in  small  foils  and  a 
little  niicrojKTthitc.     This  alhitc  rcM'k  probably  occurs  as  a  diki^  near  the  granite  contact. 

Although  the  grain  of  the  schist  is  somewhat  coarser  than  usual  at  the  Benning  contact, 
then'  is  little  evidence  of  contact  nietaniorphism,  except  by  the  development  of  garnets 
and  tourmaline  in  the  schist,  as  descrilH*d  in  more  detail  under  the  heading  of  the  Benning 
mine  (pp.  127-128).  Wlu»ther  the  ganiet  is  really  of  contaet-metamorphic  origin  Ls  not 
c^'rtain.  The  same  doubt  applies  to  the  tourmaline,  which  is  pR»sent  in  some  schists  at  a 
considerable  distance*  from  granit^^  contacts. 

PHODUC'TION. 

The  gold  deposits  of  the  Southern  States  have  been  known  for  one  hundred  years  and 
were  probably  the  earliest  discovered  and  worked  \4'ithin  the  present  area  of  the  United 
States.  Possibly  some  little  placer  niinhig  had  been  carried  on  by  the  Indians  in  New 
Mexieo  prior  to  that  time,  but  the  important  placer  mines  of  that  Territory  were  not  di.s- 
covered  until  1828.  Between  1799  and  \KM)  a  small  amount  of  gold  was  wjushed  in  the 
(""arolinas.  In  1828  gold  was  disi^overed  near  Dahlonega,  and  in  183()  the  first  deposit  of 
gold  from  Creorgia.  amounting  to  S212,(MK),  was  made  in  the  United  States  Mint.  Shortly 
aftenvards.  in  \H'.iS,  a  l)ran<h  mint  was  established,  which,  from  181^  to  1861,  coined 
J$0,1 1 '),.")< )9.  The  total  pnxluction  of  gold  and  silver  in  Georgia,  from  the  discovery  to  19()0, 
is  between  sixtit-n  and  .-^nonteen  million  dollars,  and  of  this  amount  the  largest  |)ortion  has 
been  produced  by  the  mines  of  Lumpkin  (\)unty,  in  which  Dahlonega  is  situated.     The 
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total  production  of  the  Appalachian  States  from  1800  to  1900  is  considcrod  to  be  $47,000,000. 
For  the  last  few  years  the  total  annual  production  has  been  about  $300,000,  while  the  pro- 
duction of  Geoiipia  has  varied  from  $130,000  to  $60,000,  the  latter  figure  being  recorded  in 

loas. 

GKNEILtVL.  CHAKACTER  OF  THE  VEINS. 

Aa  already  point<»d  out  by  Krkel,  many  of  the  gold  deposits  lie  on  the  contact  either  of 
mica  schist  and  umphibolite  or  of  mica  schist  and  granite.  This  does  not  apply  to  all  of 
them,  however,  for  some,  like  the  Jumlm  and  Garnet,  an»  entin»ly  inclosed  in  mica  schist. 

Of  the  three  rocks,  the  mica  schist  is  the  oldest  and  the  granite  the  youngest.  The 
quartz  veins  are  lat^T  than  the  granite  and  appear  to  exhibit  a  certain  relationship  to  that 
rock  in  their  occurrence.  At  no  place  are  the  veins  located  far  fnm\  the  granitic  intrusions; 
even  at  the  Jumbo  mine,  which  is  wholly  in  mica  schist,  granite  outcrops  only  a  few  hundred 
feet  away.  The  veias  follow  the  schi.st<>sity  in  strike  and  dip,  although  at  each  deposit 
there  are  many  stringers  of  quartz  which  cut  across  the  division  planes  of  the  rock. 

The  deposits  art*  in  part  "stringer  leads,"  to  use  B<»cker'8  expression,  and  in  part  dis- 
tinct veins,  comiM>sed  of  a  series  of  flat  lenticular  bo<lies  of  quartz,  u-sually  strictly  conform- 
able to  the  .sf-histosity  and  following  even  its  minor  curves.  Tlie  familiar,  sharply  cut  fis- 
sures of  the  western  veins  are  absent.  In  some  cases  the  veins  are  corrugated  or  cur\'ed. 
As  Bwker  has  |>ointed  out,  all  this  .shows  that  ther(»  was  a  certain  degrtH*  of  correspondence 
betwwn  the  forces  which  produced  the  schist osity  and  those  which  opened  the  fissures. 
Tlie  quartz  is,  as  a  rule,  compa<'t,  milk-white  or  even  glassy,  and  shows  normal  coarse, 
hypidiomorphic  vein  stnicture  without  evidence  of  much  crushing  and  shearing  even  in 
the  veins  which  appear  In'nt  and  curved;  drusy  pia<*es  with  projecting  crystals  are  not 
uncommon;  comb  quartz  is  rare,  although  occurring  in  some  narrow  seams  which  cut  acrojis 
the  prevalent  fissures,  as,  for  instance,  in  Preacher  Cut.  Much  of  the  bright-yellow  gold  is 
coarse,  and  forms,  without  doubt,  a  primary  con.stituent  of  the  ore.  Tlie  sulphides  are 
relatively  {KX)r,  but  in  the  oxidized  zone  they  have  naturally  contributed  their  quota  of 
gold  to  enrich  the  ore.  The  sulphides  asso(riated  with  the  quartz  are  pyrite,  chalc^pyritc, 
and  zinc  blende;  pyrrhotit<»  occurs  sparingly.  In  the  Benning  vein  magnetite  occurs 
anhedral  or  in  (M'tahednil  crj-stals  and  intergro^tii  with  pyrrhotite,  chalcopyrite,  calcite, 
and  chlorite;  pyrite  is  also  contained  in  the  quartz.  Of  gangue  minerals  there  is  some  cal- 
cit(»  or  (lolomitic*  curbonuto;  in  many  places  in  the  Benning  veins  this  lies  along  the  wall, 
as  it  commonly  d(H's  in  Calif(»rnia  veins.  Garnet,  apatite,  ilmenite,  muscovit<»,  dark-green 
mica,  and  green  hornblende  cx-cur  in  the  altered  wall  ro<*ks  of  some  veias,  but  also  in  places 
directly  in  the  quartz.  Dark-gnH«n  zinc  spinel  or  gahniU*  in  octahedral  crystals  is  emb<Hlded 
in  quartz  ^ith  free  gold  and  small  foils  of  sericite  from  the  Uosamund  vein  of  the  Standard 
group. 

Gahnite  is  a  rare  mineral  and,  like  spinel,  u.sually  occurs  in  gneisses  or  a^i  a  result  of  con- 
ta<'t  m(^tamorphism.  It  is  not  altogether  unknown  in  mineral  deposits,  for  Genth  o  describes 
it  from  the  (^otojmxi  mine,  ChalTee  County,  Colo.,  a.ssociated  with  pyrite,  galena,  and  chal- 
copyrit*'.  and  containing  inclusions  of  chalcopyrite.  A.  G.  Dana  b  mentions  an  occurrence 
of  gahnite  from  the  Rowe  pyrite  deposit  in  Massachusetts.  Tliis  is  a  lenticular  vein  in 
gneiss,  and  the  gahnite  (K'<'urs  partly  in  the  pyrite  and  partly  lining  cavitic»s  subsequently 
fille<l  w\\\\  quartz.  It  is  here  a.**s«K'iated  with  apatite,  ilmenite,  nitile,  epidote,  ganiet,  cal- 
cite, triclinic  fekLspar,  pyrite,  and  sphalerite. 

In  the  lenticular  veins  pay  shoots  occur  similar  to  those  elsewhen*  found  in  gold  veins, 
and  Mr.  .I(H'  Clenu»nt  informs  me  that  the  rule  in  Dahlonega  is  that  they  pit^'h  to  the  left  of 
an  obsiTver  standing  on  the  croppings  and  looking  down  along  the  dip. 

The  wall  rock  adjoining  the  (|uartz  at  many  plac<<ts  contains  enough  gold  to  Ix*  classified 
as  an  ore,  though,  as  a  rule,  the  principal  values  are  considered  to  be  contained  in  the  quartz. 
In  the  same  veins  garnets,  hornblende,  apatite,  and  a  green  mica  may  develop  along  the 
(|uartz  vein,  as  shown,  for  instance,  at  the  Lockhart  mine  and  several  other  places.    The 


a  Am.  Jour.  Soi.,  3d  ler.,  vol.  2d,  1885, p.  455.  b  Proc.  Am.  Phil.  Soc.,  vol.  2U,  1882, p.  397. 
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ganiet,  as  already  indicated  by  Becker,  contains  native  gold.  At  other  mines  the  altera- 
tion of  the  mica  schist  is  not  extensive,  though  the  rocks  next  to  the  vein  may  acquire  a 
more  silvery  luster,  due  to  some  additional  development  of  muscovite  in  the  schist.  The 
biotite  in  the  schist  remains  unaltered,  as  does  the  chlorite  and  feldspar.  Crjrstals  of  garnet 
may  develop  in  the  schists  near  the  vein.  Chalcopyrite,  pyrite,  and  pyrrhotite,  probably 
due  to  vein-forming  action,  appear  in  small  quantities  in  the  wall  rock,  but  with  these  mag- 
netite or  ilmcnite  may  be  associated. 

As  observed  in  the  Benning  vein,  the  alteration  of  the  granite  adjoining  the  veins  is  very 
slight,  being  limited  to  a  slight  development  of  chlorite  along  the  contact.  In  the  Jumbo 
mine,  on  the  other  hand,  the  mica  schist  has  been  altered  next  to  the  quartz  scams;  seri- 
cite  has  evidently  developed  at  the  expense  of  biotite,  whicii  is  practically  eliminat'ed. 
Nor  is  there  any  magnetite  or  ilmenitc  In  the  altered  rock,  though  much  pyrite  and  rutile 
have  developed. 

All  this  seems  to  show  that  the  veins  of  Dahlonega  were  not  all  formed  under  the  same 
conditions.  There  are,  on  one  hand,  the  prevailing  veins  like  the  Standard,  Lockhart,  and 
many  others  in  which,  during  the  vein-forming  processes,  biotite,  hornblende,  garnet,  epi- 
dote,  spinel,  magnetite,  and  ilmenitc  were  stable  compounds.  Those  again  may  be  divided 
into  those  canying  garnets,  like  the  Lockhart,  Findley,  and  McAfee  veins,  and  others  in 
which  garnet  is  absent,  like  the  Benning  or  the  Standard.  On  the  other  hand,  in  the  Jumbo 
mine  biotite  and  magnetite  appear  to  be  imstable  under  the  influence  of  vein-forming 
solutions. 

The  association  of  minerals  and  the  metasomatic  alteration  in  the  first  of  these  two  classes 
is  very  different  from  that  prevailing  in  the  CaUfomia  gold-quartz  veins  and  in  fact  in  all  the 
principal  classes  of  gold  and  silver  veins  of  the  West. 

In  these  California  veins  magnetite,  garnet,  ilmenite,  spinel,  hornblende,  and  apatite  are 
practically  unknown  as  vein  minerals.  In  the  alteration  by  the  vein  solutions  magnetite, 
feldspars,  biotite,  hornblende,  and  epidote  are  unstable  and  are  converted  to  a  fine-grained 
aggregate  of  sericite  with  quartz  or  carbonates,  as  has  taken  place  in  the  Jumbo  mine.  In 
the  prevailing  class  of  Dahlonega  mines,  on  the  other  hand,  the  products  of  alteration  are 
such  minerals  a.s  occur  in  areas  of  regional  metamorphism  or  in  contact  zones,  and  yet  the 
asso<'iation  of  quartz  and  some  calcite  with  native  gold  and  pyrite,  chalcopyrite,  and  zinc 
blende  is  unmistakably  similar  to  that  of  the  California  veins.  It  may  be  permissible  to 
conclude  from  this  that  the  solutions  in  both  cases  worc  similar,  but  that  they  acted  under 
different  physical  conditions.  The  temperatures  prevailing  during  the  deposition  of  the 
southern  veins  were  probably  much  liigher  than  those  in  the  Cordilleran  region  at  the  levels 
now  accessible  to  us  in  mineral  deposits  there  exploited.  Becker  justly  remarks  that  the 
southern  veins  have  Ix'en  subjected  to  long-continued  enxsion  and  that  the  present  croppings 
are  far  l)elow  the  original  ones,  possibly  as  much  as  15,000  or  20,0(X)  feet.  On  the  other 
hand,  in  the  western  mines,  the  amount  of  rock  removed  undoubtedly  falls  far  short  of  this 
amount. 

If  this  conclusion  is  correct,  it  is  evident  that  the  precipitation  of  gold  from  vein-forming 
solutions  extends  over  a  very  large  vertical  range.  In  California  this  range  is  known  to  l)e 
at  least  8,000  feet.«  At  Bendigo,  Victoria,  raining  has  reached  a  depth  of  4,000  feet,  and  at 
least  2,000  feet  of  rock  have  l)een  removed  by  erosion.  The  veins  still  be^r  the  general  char- 
acter of  the  California  gold-quartz  deposits. 

It  is  scarcely  to  l)e  expected  that  a  brief  investigation  hke  the  present  one  should  yield 
any  definite^  clews  as  to  origin  of  the  gold.  The  clustering  of  the  veins  about  intrusive 
ma-sses  of  granitic  rocks  is,  however,  a  very  suggestive  fact  which  previous  investigations  of 
Dahlonega  mines  have  not  sufficiently  emphasized  and  which  is  repeated  in  practically  all 
known  (><■(  urrenccs  of  typical  gold-quartz  veins.  The  probable  great  depth  of  deposition 
would  also  sugfxest  that  circulation  of  surface  waters  was  a  negligible  factor,  although  it  is 
conceded  that  the  plasticity  of  the  nx-ks  was  not  so  great  as  to  preclude  the  existence  of 

oLindgrcn.  W.,  Gold-quart/,  veins  of  Nevada  City  and  Gmss  Valley  districts,  California:  Seven- 
teenth Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  2,  1896,  p.  183. 
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open  spaces  of  moderate  size.  Briefly,  I  am  convinced  that  the  mode  of  origin  of  the  Dahlo- 
nega  deposits  was  entirely  similar  to  that  of  other  auriferous  quartz  veins  of  Califomian 
and  Australian  type,  although,  owing  to  physical  causes,  some  features  of  their  develop- 
ment differed.  In  all  three  cases  it  seems  a  probable  hypothesLs  that  the  gold  was  contained 
in  the  granitic  magina  and  that  it  was  separated  from  it  during  the  cooling  process  and  car- 
ried to  the  veins  in  the  form  of  solutions  in  magmatic  water. 

The  study  of  the  mode  of  alteration  of  wall  rocks  in  different  mines  affords  some  basis 
for  the  suggestion  that  there  may  have  been  two  epochs  of  vein  formation  in  which  the 
physical  condition  during  deposition  differed  in  a  decided  manner. 

The  abundance  of  intei^grown  pyrrhotite  and  chalcopyrite  in  some  of  the  amphibohtes  of 
Dahloncga  brings  to  mind  the  occurrence  of  deposits  of  such  minerals  at  other  places  in  the 
South — Ducktown,  for  example .  In  the  present  case  these  sulphides  have  every  appearance 
of  having  l)een  formed  by  the  same  metamorphic  processes  which  made  an  amphibolite  out 
of  a  diabase  or  diorite,  and,  if  this  is  true,  the  chalcopyrite  merely  represents  the  concen- 
tration by  aqueous  agencies  of  the  copper  distributed  through  the  rock. 

DESCRIPTIONS  OF  MINES. 
PREACHISR  CUT. 

The  pit  known  as  the  Preacher  Cut,  made  by  hydraulic  work,  is  situated  half  a  mile  south 
of  Dahlonega.  Amphibolites,  striking  northeastward,  prevail  between  this  mine  and  the 
town,  but  near  the  cut  mica  schist  is  the  country  rock  and  strikes  northwesterly,  dipping 
to  the  northeast  or  southwest  at  angles  of  from  35°  to  65°.  This  cut  is  about  800  feet  long, 
extending  in  a  southwesterly  direction,  200  feet  wide,  and  about  60  feet  deep.  The  central 
part  is  occupied  by  a  well-defined  dike  of  amphibolite  about  60  feet  wide  and  gradually 
tapering  toward  the  southwest.  At  the  lower  end  of  the  cut,  nearest  to  the  town,  the  con- 
tacts of  the  amphibolite  and  mica  schist  are  sharply  defined  and  about  perpendicular.  The 
amphibolite  is  fairly  fresh  in  the  bottom  of  the  cut,  but  elsewhere  red  and  softened.  The 
schistosity  of  the  mica  schists  continues  in  imperfect  development  across  the  dike.  Along 
both  sides  of  the  dike  the  schists  contain  numerous  thin  stringers  of  solid  quartz  dipping 
with  the  schistosity;  there  are  also  a  few  veiiilet«  along  the  contact.  The  gold  occurs  to 
some  extent  in  the  voiulets  with  schist,  but  chiefly  in  the  scliist  surrounding  these  stringers 
along  l>oth  sides  of  the  amphil>olite  dike.  Tliere  is  very  little  gold  in  the  amphibolite. 
The  schists  and  the  quartz  stringers  near  the  contact  are  in  places  contorted  and  corrugated. 
Garnet  occurs  at  this  locality,  probably  associated  with  the  quarts^,  but  the  specimens  were 
too  decomposed  to  ascertain  this  definitely.  A  northwestward-trending  dislocation  crosses 
the  upptT  part  of  the  cut.  In  this  break  or  fault  are  several  narrow  quartz  vcinlets  with 
flne  comb  structure;  native  gold  is  said  to  occur  in  these. 

Tlie  peculiar  feature  in  this  mine  is  that  the  gold-bearing  zone  extends  along  both  sides 
of  the  amphibolite  dike  in  a  direction  perpendicular  to  that  of  the  schistosity  and  of  the 
auriferous  veinlets.  In  the  bottom  of  the  cut  the  rocks  are  hard  and  the  hydraulic  process 
scarcely  feasible,  while  the  average  values  are  said  to  bo  low. 

CONSOLIDATED  MINES. 

Half  a  mile  east-northeast  of  Dahlonega  on  the  road  to  Yahoola  River  are  the  extensive 
hydraulic  cuts  of  the  old  Hand  properties,  now  owned  by  the  Dahlonega  Consolidated 
Grold  Mining  Company.  Some  years  ago  a  lai^e  shaft  was  sunk  here,  near  the  bottom  of 
these  cuts,  and  a  120-stamp  mill  built,  with  a  30-ton  chlorination  plant  and  48  Frue  van- 
ners,  with  the  idea  of  mining  the  stringer  zone  on  a  large  scale.  Probably  the  grade  proved 
rather  low.    At  the  present  time  30  stamps  are  dropping. 

The  country  rock  in  the  Hand  cuts  and  in  the  tunnels  of  the  Dahlonega  Consohdated 
Gold  Mining  Company  below  them  is  a  gametiferous  mica  schist,  contorted  in  places  and 
containing  many  dikes  of  a  white,  somewhat  aplitic  granite  up  to  I  or  2  feet  wide,  which 
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likewise  have  sulTered  romigation  and  Ix^ncling.  Tliis  is  probably  tlie  southerly  continua- 
tion of  the  Benning  contact  zone.  The  scliist  contains  stringer  zontis  of  ({uartz  veinl<»ts 
trending  northeastward,  and  some  of  these  zones  are  now  mined  in  the  tunnels  just  l>ack 
of  the  mill. 

STANDARD   MINES. 

On  the  east  side  of  Yahoola  River  and  al)out  a  quarter  of  a  mile  northeast  of  the  (\>n- 
solidated  mines  an*  the  Standard  mimw.  They  consist  of  a  series  of  quartz  lenses  known 
as  the  Weaver,  CainpU'll,  Tlialonc^ka,  and  Rosamund  veins.  Tlie  developmcnt-s  are  con- 
fined to  tunneb  and  small  underhand  stopes.  From  the  Rosamund  vein  good  ore  was 
extracted  at  the  time  of  visit  and  milled  in  the  Standard  mill  with  20  stamps.  Very  ri<'h 
pockets  are  (KTasionally  found. 

The  count r}*^  nx'k  is  a  rather  coarse  mica  schist  which  close  to  the  veins  appears  to  con- 
tain a  little  mon^  miLscovite  than  elsewhere.  It  Is  a  normal  biotit<vquartz  schist  with  a 
small  amount  of  magnetite,  albite,  and  muscovit^,  l)ut  contains  no  garnet  or  tourmaline. 
A  little  pyrite,  pyrrhotite,  and  chalcopyrit<>  are  present  in  inteigrown  aggregates  and 
probably  are  derived  from  the  vein  solutions.  Tlie  schist osity  strikes  N.  12°  to  25°  E., 
the  dip  i)eing  35°  ESE.  Tlie  quartz  of  tlie  veins  is  compact,  almost  glassy,  and  contains 
irregularly  dLstril)uted  pyrite,  chalcopyrite,  zinc  l)lende,  and  in  some  cases  galena,  besides 
free  gold,  partly  intergrown  with  quartz,  partly  with  sulphides.  At  the  time  of  visit  a  stope 
25  feet  long  was  carried  down  below  the  tunnel  level  on  the  Rosamund  and  extracted  7 
feet  wide.  No  values  are  here  contained  in  the  schist  adjoining  the  quartz.  The  manager, 
Mr.  George  Bryman,  states  that  the  ore  contains  $2()  per  ton  in  gold:  the  sulphides  contain 
$25  per  ton  and  are  thiLs  comparatively  poor. 

LOCKHART  §INE. 

Along  Yahoola  River  fn)m  the  Standard  to  the  Lockhart  mine,  amphibolitcs  prevail 
with  north-northeast  or  east -northeast  strike  and  variable  dip.  Near  the  Lockhart  mine 
mica  schist  iM'j^ins,  and  at  ti  fresh  cx|X)sure  on  the  river  bunk  was  noted  a  small  lenticular 
vein  of  quartz  contHinirig  u  f(»w  gurnets.  The  same  inincrul  was  also  contained  in  the 
immediately  adjoining  schist.     Tliis  stringer  prolmhly  Iwlougs  to  the  ljo<*khart.  zone. 

The  IxM'khart  mine  hits  U'en  worked  su(<-essfully  for  niaiiy  vein's,  but  on  a  small  scale. 
A  large  surface  cut  is  situated  on  the  west  side  of  the  river,  and  recently  a  shaft  00  feet  deep 
has  Iwen  sunk  near  the  stream  and  tunnels  run  in  a  westerly  direction  to  intcrs<^ct  the 
veins.  The  veins  lie  in  a  Mi  of  normal  mica  schists  like  tlu)s(»  descriln-d  on  page  120, 
dipping  about  40"^  K.  or  NIC.  and  very  near  to  a  miuss  of  amphil>olite  which  conformably 
underlies  these  schists.  The  on*  (M-eurs  in  slKK)ts,  liK-ally  called  '"arms,"  which  consist  of 
a  series  of  lenticular  (|uartz  masses  in  dark-gray  or  black  mica  sehist,  but  verj*  chjse  to 
the  contact  of  the  underlying  aniphibolite.  The  veins,  like  the  sehists,  dip  l^  to  40°  \E. 
In  the  large  cut  the  rocks  are  much  decomposed  and  th(^  shaft  was  inaccessible  on  account 
of  water,  but  excellent  exposures  w<»re  seen  in  a  small  tunnel  or  cut  about  2(X)  feet  southwest 
of  the  shaft. 

As  shown  in  fig.  l(i.  the  vein  is  hei"e  7  feet  wide,  dips  'M"^  NK.,  and  consists  of  a  nunila'r 
of  (juartz  stringers  more  or  less  lenticular  in  shape  und  separated  and  adjoined  by  streaks 
of  a  very  coarse-grained  n>ck,  which  consists  chieth  of  garnet,  dark-green  mica,  and  honi- 
blende,  and  ^^hich  evidently  rey>rcsents  the  country  rock  deeply  altered  by  the  same  .solu- 
tions lis  (leposit(»(l  the  (juartz.  Beyond  the  walls  indicated  in  fig.  10  the  rcM'k  in  the  normal 
mica  .schist.  thou<:h  the  Mniphibolil<>  lies  n  short  distance  in  the  foot.  PI.  IX  represents 
in  nalurul  size  si  cut  and  polished  s})ecirnen  from  I  he  vein,  which  well  illiLstrates  the  char- 
acteristic stnictiu-e.  The  garnets  are  in(licat<'<l  in  the  dark  central  and  upper  |)ortionsl)V 
the  light  rims  of  ii'inaining  i)olishing  pouder.  Most  of  the  remaining  dark  portion  is  a 
dark-grccn.  almost  black  mica,  which  also  in  places  projects  its  foils  into  the  white  fpiartz. 
Little  sp<»<ks  of  pyrite  are  contained  in  the  dark  part,  while  none  show  in  the  (piartz. 
Sul])hides,  however,  occur  in  the  ([uartz  and  consist  of  pyrite,  pyrrhotite,  chalcopyrite, 
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POLISHED  SPECIMEN  OF  ORE  FROM  LOCKHART  MINE,  DAHLONEGA. 
Showing  quartz  with  streaks  of  garnet,  dark-green  mica,  and  hornblende. 
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and  galena.  Much  of  the  ore  is  of  good  grade,  the  samples  assayed  Uy  Dr.  Ycates  in  his 
report  on  the  gold  deposits  of  Georgia  containing  from  $12  to  $15  per  ton.  The  average  is, 
however,  probably  less  than  this.  Most  of  the  gold  in  this  vein  is  said  to  appear  as  native 
metal  in  the  reddish-brown  garnets  and  a  spc^cimen  obtained  sul)stantiates  this  statement. 

It  is  very  clear  that  the  coars<»-grained  mixtiin^  of  garnet  and  mica  is  the  result  of  the 
alteration  of  the  schist  and  its  study  presents  several  interesting  features.  Sections  of 
the  quartz  show  normal,  hj'pidiomorphic,  coarse-grained  structure,  the  graiiLs  exhibiting 
no  optical  disturbance.  Fluid  inclusions  with  gas  bubble  and  in  some  instan<^es  solid 
transparent  particles  also  art*,  very  abundant.  Kmlx'dded  in  the  quartz  lie  streaks  of 
aggregates  of  common  green  hornblende,  usually  in  irregularly  lath-like  grains  molded 
by  the  outlines  of  the  quartz  grains;  in  places  radial  bunches  of  hornblende  prisms  also 
project  into  the  quartz.  Associated  with  the  hornblende  are  granular  aggregates  of  a 
mineral  which  corresponds  well  to  apatite ;  UK*ally  these  are  also  wholly  embedded  in  quartz. 
There  are  also  small  foils  of  muscovitc  and  isolated  similar  forms  of  biotite.  Anhedrons 
of  pale-red  garnet  are  inclosed  in  the  quartz  or  conform  to  the  outline's  of  the  quartz  grains. 
In  the  hornblende  lie  embedded 
scattered  grains  of  pyrite  and  more 
abundant  ilmeuite.  A  few  imper- 
fect crystals  of  ilmenite  are  con- 
tained in  the  quartz  grains,  Iwtween 
which  a  little  calcite  also  appears. 

Other  stations  made,  from  the 
polished  specimen  show  large  round- 
ed crystals  of  garnet,  ^^ith  a  few 
inclusions  of  green  mica.  The  gar- 
nets are  contained  in  a  coarse  ag- 
gregate of  straight  mica  foils,  with 
a  pleochniLsm  varying  fnmi  pale 
grvvn  to  deep  leek  green.  Tlie 
exact  mineralogical  iKwition  of  this 
mica  has  not  lK»cn  ascertained. 
Veins  similar  to  tin*  IxK-kliart  are 
mined  at  the  Findley  and  the 
McAfee  mines.  In  the  McAfee  the 
garnets  are  said  to  be  smaller  than 
in  the  IxK'khart,  but  they  also  con- 
tain native  gold. 


Quartz 


Mica— garnet 
rock 


Schist 


Fkj.  Mi.— DiiiKraiii  showing  stnicture  of  Ixwkhart  vein. 


BENNIMi    MINE. 

The  Benning  mine  is  situated  1  mile  northeast  of  Dahlonega,  on  Yahoola  River.  The 
developments  are  limited  and  consist  chiefly  of  a  large  incline  driven  on  a  wide  quartz  lens 
in  the  mica  schist  within  25  feet  of  the  granite  contact,  but  parts  of  the  vein  arc  also  con- 
tained in  granitic  dikes.  The  country  rock  Is  here  a  dark-gray  glistening  mica  s(.>hLst  con- 
sisting of  a  quartz  mosaic  without  much  feldspar;  in  this  are  embedded  dirty-brown  sharply 
outhned  foils  of  biotite,  many  of  them  small  and  straight;  a  smaller  amount  of  muscovite 
is  present  in  similar  foils.  There  are  also  a  few  grains  of  calcite,  inrlosing  some  mosaic, 
and  a  few  foils  of  chlorite,  probably  not  derived  from  the  biotite.  Magnetite  is  distributed 
throughout  rather  abundantly  and  there  are  a  few  grains  of  pyrite  and  pyrrhotite.  The 
schist  also  contains  a  few  large  crj*stals  of  ganiet  inclosing  smaller  masses  of  mosaic;  a 
few  prisms  of  tourmaline  were  noted.    The  whole  structure  is  typically  cry.stallobla8tic. 

Along  some  small  stringers  of  quartz  to  the  left  of  the  granitic  dike  garnets  have  devel- 
oped abundantly,  l>ut  whether  this  quartz  is  of  the  same  origin  as  the  gold-quartz  veins 
or  represents  a  local  quartz  facies  of  the  granite  could  not  I)e  definitely  ascertained. 

TTie  quartz  leusiw  wliich  range  up  to  several  feet  in  width  consist  of  coarse  normal  vein 
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quartz,  with  a  little  calcite  or  dolomitic  carbonates,  pyrite,  pyniiotite,  chalcopyrite,  anil 
magnetite.    The  sulphides  in  places  give  a  banded  appearance  to  the  quartz. 

Neither  sc-hist  nor  granite  is  noticeably  altered  along  the  vein.  Biotite,  albite,  and 
orthoclase  from  the  wall  rock  adjoin  the  quartz  without  change. 

JUMBO  MINE. 

The  Jumbo  property  is  situated  6  miles  northeast  of  Dahlonega,  near  the  Garnet  mine 
and  on  Ca vender  Creek,  which  has  proved  auriferous  up  to  these  mines.  The  developments 
consist  of  several  tunnels  and  a  60-foot  shaft.  The  country  rock  is  a  dark  brownish-gray 
mica  schist,  with  curved  surfaces  of  schistosity ;  it  is  similar  to  the  schists  already  descriled, 
but  contains  very  little  black  iron  ore;  instead,  small  anhedrons  of  pyrrhotite  are  preseLt. 

The  surface  rocks  arc  very  soft  and  decomposed  to  a  depth  of  about  50  feet.  Granite 
is  said  to  outcrop  a  short  distance  away  from  the  mine.  Over  a  width  of  several  hundred 
feet  the  schists,  which  strike  N.  20°  E.  and  dip  steeply  to  the  northwest,  contain  a  great 
number  of  chiefly  conformable  quartz  stringers  and  several  good-sized  quartz  veins  with 
some  pyrite.  Within  this  zone  are  several  narrower  belts  from  a  few  feet  up  to  50  feet 
in  width,  in  which  the  gold  values  are  especially  concentrated.  The  gold  has  a  crystalline 
appearance  and  is  very  fine  grained. 

Specimens  of  the  ore  from  the  shaft  show  that  it  consists  of  a  bleached  schist  with  more 
or  less  lenticular  quartz  veins  having  an  allotriomorphic  structure  and  containing  sharply 
defined  cubes  of  pyrite.  The  schist  adjoining  the  veins  is  bleached  by  abundant  develop- 
ment of  sericite;  it  contains  no  garnets  nor  biotite,  but  some  chlorite  and  many  micro- 
scopic crystals  of  rutile.  It  is  proposed  to  mine  the  decomposed  siirface  rock  at  this  mine 
by  hydraulic  methods. 
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Map,  index,  showing  location  of  region 10 

Martin,  William,  iron  on  place  of 115 

Martin  placer,  description  of 74 

Mary  mine,  minerals  in 62,64, 112-113 

Mayes,  M.  C. ,  development  by 103 

Mecklenburg  County,  N.  C,  gold  in 110 

I  gold  In,  discovery  of 58 

Metamorphic  rocks,  age  of 29-31 

description  of 14-20 

I  origin  of 14 

I   Metamorphlsm,  effects  of 24-26,122 

See  also  Regional  metamorphlsm;  Con- 
tact  metamorphlsm;      Hydro- 
metamorphlsm. 
Metasomatism.    See  Aqueous  solutions. 

Mica,  occurrence  of 118 

Mica  schist ,  description  of 120 

occurrence  of 120 

relations  of  granite  and 122 

j  plate  showing...  J 122 

'   Microcllne  pegmatite,  description  of 21, 37-38 

tin  in 37-38 

Mineral  vein,  discovery  of 90 

Minerals,  description  of 63,65 

list  of 61-63 

occurrence  of 124 

Mines,  gold,  descriptions  of 77-110, 125-128 

See  also  particular  mines. 
Mines,  gold,  abandoned,  locations  of 109-110 
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Mines,  tin,  descriptions  of 46>52 

Mining,  beginning  of 31 

conclusions  concerning 57, 111-112 

cost  of 56-67,76-77 

history  of 32-34 

methods  of 52, 75-76 

Mitchell  place,  prospects  on 10^100 

Molybdenite,  occurrence  of 63, 64 

Monazite,  occurrence  of 116-118 

Monroe,  S.  C,  gold  near 29 

gold  near,  figure  showing 29 

rocks  near 23, 29 

Monroe  beds,  age  of 31 

description  of 23-24,29 

gold  in,  figure  showing 29 

Monroe  County,  rocks  In 23 

Montgomery  County,  N.  C,  gold  in 110 

gold  in,  discovery  of 58 

Moore  County,  N.  C,  gold  in 110 

Morton,  F.  II.,  property  of,  manganese  on.      116 
Mose  Mountain,  veins  In 109 

N. 

Nagyaglte,  occurrence  of 63 

Nannies  Mountain ,  corundum  on 118 

iron  on 114, 115 

rocks  of 18, 28 

New  South  Wales,  tin  of 42 

Nitae,  II.  B.  C,  on  age  of  rocks 30 

on  Halle  mine 78-79 

on  manganese 116 

Nitze  and  Wilkcns,  on  gold  ores 92 

North  Carolina,  geologic  work  In 10 

Nott  mine,  description  of 105 

minerals  In 112 

Nott  property,  developments  on 109 

Nuggets,  discovery  of 73,74 

O. 

Ophlr  Gold  Mining  Co.,  property  of 103 

Ophlr  mine,  ores  of 99 

Ore  deposits,  age  of 29 

Ormond  Iron  mine,  description  of 115-116 

Oxidation,  effects  of 25-26 

P. 

Parker  property,  vein  on 109 

Paysour  Mountain,  rocks  of. 18 

Pegmatite  dikes,  description  of 20-22,35-40 

distribution  of 34-35 

map  showing 35 

extructlon  of  tin  from 53-54 

figure  showing 40 

metamorphlsm  l)y 25 

structure  of 35-37 

sections  of.  figures  showing. 47,50,51 

tin  in 42-43,57 

distribution  of 40-41,57 

figun»  showing 40 

view  of 42 

varieties  of 21 ,  37-38 

view  of 42 

See  also  Mlcrocllne  pegmatite;   Olant 
granite. 

Peneplain,  development  of 11-12 

influence  of,  on  drainage 13 

Perry  place,  corundum  on 118 
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Phelps,  Dodge  &  Co.,  development  by 33 

Phosphates.    See  Monazlte. 

Piedmont  Mining  and  Development  Co.,  de- 

delopment  by 92 

Piedmont  Plateau,  character  of 11 

Piedmont  Tin  Mining  Co. ,  development  by . .       52 
Placer  tin,  occurrence  oL 48,52,57 

source  of 44-45 

Porphyry,  age  of 31 

description  of 22-23 

Preacher  Cut  mine,  description  of 125 

geology  of 120, 121, 125 

veins  In 123 

Prospects,  gold,  descriptions  of 108-109 

See  aUo  Mines. 
Purpurite,  analysis  of 39 

description  of 38-^ 

occurrence  of 38,49 

Pyrite,  description  of 64 

occurrence  of 62, 116 

Pyrophyllite,  occurrence  of. 62 

Pyrrhotite,  description  of 64 

occurrence  of 62 

Q. 

Quartz,  description  of 63 

metamorphlsm  of 39-40 

minerals  In 43 

occurrence  of 62 

See  also  Fissure  veins. 

Quartz-blotite  schist,  description  of 19 

Quartz  schist,  description  of 17-18 

Quartz-sericite  schist,  analyses  of 79 

description  of 15-16, 18 

R. 

Randolph  County,  N.  C,  gold  in 110 

Regional  metamorphlsm ,  effects  of. 24 

Relief,  description  of 11 

development  of 11-12 

Replacement  deposits,  description  of 60-61,65 

Rickard  &  Hewitt,  development  by 118 

Rocks,  age  of 29-31 

classes  of 14 

descriptions  of 14-26 

succession  of 27 

See  also  Sedimentary  rocks;  Metamoi^ 
phlc  rocks;  Igneous  rocks;  Vol- 
canic rocks;  Stratigraphy,  etc. 

Rosa  Arrowwood  mine,  description  of 106 

Ross,  S.  S.,  development  by 49 

on  mining  costs 56 

tin  found  by 34 

Ross  tin  mine,  costs  at 56 

description  of 49-50 

developments  at 49 

dike  in,  section  of,  figure  showing 50 

discovery  of 34 

extraction  of  tin  at 54 

geology  of 21,43,49-^ 

figure  showing 50 

ore  of,  tenor  of 54-56 

production  of 54 

profits  at 57 

Ross  &  Carroll,  mine  of,  description  of 106 

Rowan  County,  N.  C.  gold  in 110 

Rudislll,  A.  R.,  work  of 33-34,46,51 

Rutile,  occurrence  of 62,64 
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Sands,  age  of 

occurrence  of 

Schistose  granite.    See  Gneiss. 

Schists,  igneous,  descriptions  of 14-17 

See    aUo    Amphibole;    Quarts-sericite 
schist;  Oneiss. 

Schists,  sedimentary,  description  of. 17-19 

See  also  Quartz  schist;  Quartz-seridte 
schist;    Quart z-biotite    schist; 
Sericite  schist;  Limestone. 
Schlegelmilch  mine,  developments  at.  101,103,111 

geoiogy  at 102 

location  of , 101 

minerals  in 62-65 

ores  of 102-103 

vein  of,  section  of,  figure  showing 102 

Secondary  enrichment,  description  of . . .  45,65-67 

Sedimentary  rocks,  age  of 31 

descriptions  of 23-24 

metamorphism  of 14 

See  alto  Monroe  beds;  Sand;  Clay;  Al- 
luvium. 

Sericite,  description  ol 63 

occurrence  of 62 

Sericite  schist,  description  of 18-19 

Silver,  occurrence  of 68,89, 112 

Sloan,  Earle,  analyses  by 19 

on  ago  of  rocks 31 

on  diabase 31 

on  sand 24 

Small  &  Johnson,  development  by 106,  111 

South  Carolina,  geologic  work  in 10 

Sphalerite,  occurrence  of 62,64 

Spodumonc,  gems  In 118 

occurrence  of 38, 118 

value  of 55 

Standard  mines,  description  of 126 

geology  at 126 

Stanley  County,  N.  C,  gold  in 110 

Stockton,  Commodore,  development  by.  87,90,94 
Stockton  mine.    See  Colossus  mine. 

Stratigraphy.  charact<^r  of 2t>-27 

Strike,  dirrction  of 28 

Stringer  loads,  occurrence  of 123 

Structun'.  character  of 20, 27-29 

relations  of,  to  drainage 13-14 

Sullivan.  (J.  C.  analysis  by 116 

Swedish  Iron  Mining  Co.,  development  by  . .      114 

T. 

Tanyard  pit.  gold  placer  in 74,90 

Tellurium,  occurrence  of 04 

Terry  place,  vein  on 109 

Tetradymite,  occurrence  of 03 

Tetrahedrito,  occurrence  of r>3 

Thickety  Mountain,  rocks  ol 18 

Thies.  Adolf,  management  o.' 75-70,77 

on  leml 113 

Thies.  E.  A.,  management  of 77 

Thompson  mine,  developments  at 103, 110 

geology  at 103-104 

history  of 103 

location  of 103 

ores  of 01 ,  104 

rocks  in 18 

Tin,  demand  for 32-34,56  I 


Tin,  deposits  of 31-57 

deposits  of,  age  of 44 

economic  importance  of 54-57 

future  production  of 55-56 

location  of 45-46 

si  ze  of 55 

value  of 54-65 

extraction  of 53-54, 57 

cost  of 57 

marketing  of,  cost  of 57 

mines  of,  descriptions  of 46-54 

mining  of,  cost  of 56-57 

history  of 32-34 

methods  of 52 

occurrence  of 34 

ores  of 41-42 

placers  of 44-46 

price  of 55 

production  of 64,56 

costs  of 66-57 

secondary  enrichment  of 45 

Tin  and  gold,  deposits  of,  in  Southern  Appa- 
lachians   fr-118 

report  on.  scope  of fr-io 

Tin-bearing  rocks,  distribution  of 34-35 

distribution  of,  map  showing 36 

view  of 42 

See  aUo  Pegmatite. 

Tin  belt,  geology  of 34-45 

location  of 34 

Titanium,  occurrence  of 30 

Topography,  account  of 10-14 

zones  of 10-11 

Tourmaline  veins,  gold  in 40,09-70.73 

occurrence  of 40,62 

U. 

Union  County,  8.  C,  gold  mines  in 110 

V. 

Veins,  description  of 123-125 

Victoria,  gold  mines  of 124 

Virginia,  tin  deposits  of 44 

Volcanic  rocks,  age  of 31 

deposition  and  alteration  of 14 

occurrence  of 23 

W. 

Wallis,  G.  R..  prospect  on  land  of 108 

Wallis  mine,  diabase  at 71 

Warren  County,  Ga.,  gold  in 110 

Weed,  W.  H.,  on  secondary  enrichment 66 

Well.  arU^sian,  location  of 28 

West  mine,  description  of 104 

Whitaker  Mountain,  rocks  of 18 

Wilkes  County,  Ga.,  gold  in 110 

Wilson  mines,  description  of 107-108 

See  also  Big  Wilson;  Little  Wilson. 

Wolf  Creek,  iron  near  114-115 

Wolf  Creek  mine.  Sec  Ross  &  Carroll  mine. 

Wolframite,  occurrence  of 39 

Y. 

Yahoola  Creek,  rocks  at 120, 122 

York  County,  amphibohte  in 14, 15 

gold  mines  in 110 

monazite  in 118 

Z. 

Zinc,  occurrence  of 114 


CLASSinCATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOWGICAL 

SURVEY. 

[Bulletin  No.  293.] 

The  serial  i)ublication8  of  the  United  States  Geological  Survey  consist  of  ( 1 )  Annual 
Reports,  (2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral 
Resources,  (6)  Water-Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United 
States — folios  and  separate  sheets  thereof,  (8)  Geologic  Atlas  of  the  United  States — 
folios  thereof.  The  classes  numbered  2,  7,  and  8  are  sold  at  cost  of  publication ;  the 
others  are  distributed  free.     A  circular  giving  complete  lists  may  be  had  on  application. 

Most  of  the  above  publications  may  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Sur^'ey,  from  whom  they 
may  be  obtained,  free  of  charge  (except  classes  2,  7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress 
for  distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington, 
D.  C,  from  whom  they  may  be  had  at  practically  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public 
libraries  in  the  large  cities  throughout  the  United  States,  where  they  may  be  con- 
sul teil  by  those  interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of 
subjects,  and  the  total  nunilier  issuer!  is  larpe.  They  have  therefore  been  classified 
into  the  following  series:  A,  l^)conoiuic  geology;  B,  Descriptive  geology;  C,  System- 
atic geology  and  paleontology;  D,  Petrography  and  mineralogy;  K,  Chemistry  and 
physios;  F,  Geography;  G,  Miscellaneous;  H,  Forestry;  I,  Irrigation;  J,  Water  stor- 
age; K,  Pumping  water;  L,  Quality  of  water;  M,  General  hydrograi)hic  investiga- 
tions; N,  Water  power;  (),  Underground  waters;  P,  Ilydrographic  progress  reports. 
This  paper  is  the  eightieth  in  Series  A  and  the  ninety-ninth  in  Series  B,  the  complete 
lists  of  which  follow  (PP= Professional  Paper;  B=Bulletin;  WS= Water-Supply 
Paper): 

SERIES  A,  ECONOMIC  GEOLOGY. 

B  21.  Lignites  of  Great  Sioux  Reservation:  Report  on  region  between  Grand  and  Moreau  rivers, 

Dakota,  by  Bailey  Willis.    1885.    16  pp.,  5  pis.     (Out  of  stock.) 
B  46.  Nature  and  origin  of  deposits  of  pbosphate  of  lime,  by  R.  A.  F.  Penrose,  jr.,  with  introduction 

by  N.  S.  Shaler.    1888.    143  pp.     (Out  of  slock.) 
B  65.  Stnitigraphy  of  the  bituminous  coal  field  of  Pennsylvania,  Ohio,  and  West  Virginia,  by  I.  C. 

White.    1891.    212  pp.,  11  pis.     (Out  of  stock.) 
B  111.  Geology  of  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky,  by  M.  R.  Campl>ell.    1893.    106 

pp.,  6  pis.    (Out  of  stock.) 
B  132.  The  dL^eminated  lead  ores  of  southeastern  MLssouri,  by  Arthur  W^inslow.    1896.    31  pp.    (Out 

of  stock.) 
B  138.  Artesian-well  pro6i>ectJi  in  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton.    1896.    228  pp.,  19 

pis. 
B  139.  Geology  of  Castle  Mountain  mining  district,  Montana,  by  W.  H.  Weed  and  L.  V.  Pirason.    1896. 

164  pp.,  17  pis. 
B  143.  Bibliography  of  clays  and  the  ceramic  arts,  by  J.  C.  Branner.    1896.    114  pp. 
B  164.  Reconnaissance  on  the  Rio  Grande  coal  fields  of  Texas,  by  T.  W.  Vaughan.  including  a  report 

on  igneous  rocks  from  the  San  Carlos  coal  field,  by  £.  C.  £.  Lord.    1900.    100  pp.,  11  pis.    (Out 

of  stock. ) 

\ 


II  SERIES   LIST. 

B  178.  EI  Paso  tin  deposits,  by  W.  H.  Weed.    1901.    15  pp..  1  pi. 

B  180.  Occurrence  and  distribution  of  corundum  in  United  States,  by  J.  H.  Pratt.    1901.    98  pp.,  14  pis. 

(Out  of  stock;  see  No.  269.) 
B  182.  A  report  on  the  economic  geology  of  the  Silverton  quadrangle,  Colorado,  by  F.  L.  Ransome. 

1901.    266  pp.,  16  pis.    (Out  of  stock.) 
B  184.  Oil  and  gas  fields  of  the  western  interior  and  northern  Texas  Coal  Measures  and  of  the  Upper 

Cretaceous  and  Tertiary  of  the  western  Gulf  coast,  by  G.  I.  Adams.    1901.    64  pp.,  10  pis. 

(Out  of  stock.) 
B  193.  The  geological  relations  and  distribution  of  platinum  and  associated  metals,  by  J.  F.  Kemp. 

1902.    95  pp.,  6  pis. 
B  198.  The  Berca  grit  oil  sand  in  the  Cadiz  quadrangle.  Ohio,  by  W.  T.  Griswold.    1902.    43  pp..  1  pi. 

(Out  of  stock.) 
PPl.  Preliminary  report  on  the  ICetchikan  mining  district,  Alaska,  with  an  introductory  sketch  of 

the  geology  of  southeastern  Alaska,  by  A.  H.  Brooks.    1902.    120  pp.,  2  pis. 
B  200.  Reconnaissance  of  the  borax  deposits  of  Death  Valley  and  Mohave  Desert,  by  M.  R.  Campbell. 

1902.    23  pp..  1  pi.     (Out  of  stock.) 
B  202.  Tests  for  gold  and  silver  in  shales  from  western  Kansas,  by  Waldemar  Lindgren.    1902.    21  pp. 

(Out  of  stock.) 
PP  2.  Reconnaissance  of  the  northwestern  portion  of  Seward  Peninsula,  Alaska,  by  A.  J.  Collier. 

1902.  70  pp.,  11  pis. 

PP  10.  Reconnaissance  from  Fort  Hamlin  to  Kotzebue  Sound,  Alaska,  by  way  of  Dall,  Kanuti.  Allen, 

and  Kowak  rivers,  by  W.  C.  Mendenhall.    1902.    68  pp.,  10  pis. 
PP  11.  Clays  of  the  United  States  east  of  the  Mississippi  River,  by  Heinrich  Ries.    1908.    298  pp.,  9  pis. 
PP  12.  Geology  of  the  Globe  copper  district,  Arizona,  by  F.  L.  Ransome.    1908.    168  pp.,  27  pis. 
B  212.  Oil  fields  of  the  Texas-Louisiana  Gulf  Coastal  Plain,  by  C.  W.  Hayes  and  William  Kennedy. 

1908.    174  pp.,  11  pis.    (Out  of  stock.) 
B  213.  Contributions  to  economic  geology,  1902;  S.  F.  Emmons  and  C.  W.  Hayes,  geologists  in  charge. 

1903.  449  pp.    (Out  of  stock.) 

PP  15.  The  mineral  resources  of  the  Mount  Wrangell  district,  Alaska,  by  W.  C.  Mendenhall  and 

F.  C.  Schrader.    1903.    71pp.,  10  pis. 
B  218.  Coal  resources  of  the  Yukon,  Alaska,  by  A.  J.  Collier.    1903.    71  pp.,  6  pis. 
B  219.  The  ore  deposits  of  Tonopah.  Nevada  (preliminary  report),  by  J.  E.  Spurr.    1908.    81  pp..  1  pi. 

(Out  of  stock. ) 
PP  20.  A  reconnaissance  in  northern  Alaska  in  1901,  by  F.  C.  Schrader.    1904.    189  pp.,  16  pis. 
PP  21 .  Geology  and  ore  deposits  of  the  BIsbee  quadrangle,  Arizona,  by  F.  L.  Ransome.    1904.    168  pp., 

29  pUs. 
B  223.  Gypsum  deposit**  in  the  United  States,  by  G.  I.  Adams  and  others.    1904.    129  pp.,  21  pis. 
PP  24.  Zinc  and  lead  deposits  of  northern  Arkansas,  by  G.  I.  Adams.    1904.    118  pp.,  27  pis. 
PP  26.  Copper  deposits  of  the  Encampment  district,  Wyoming,  by  A.  C.  Spencer.    1904.     107  pp.,  2  pis. 
B  225.  Contril)UtionM  to  economic  geology,  1903,  by  S.  F.  Emmons  and  C.  W.  Hayes,  geologists  in 

charge.    1904.    527  pp.,  I  pi.     (Out  of  stock.) 
PP  26.   Economic  resources  of  the  northern  Black  Hills,  by  J.D.  Irving,  with  contributions  by  S.  F. 

Emmons  and  T.  A.  Jaggar,  jr.     1904.    222  pp..  30  pis. 
PP  21.  \  geological  rt'connHi.ssance  across  the  Bitterroot  Range  and  Clearwater  Mountains  in  Mon- 
tana and  Idaho,  by  Waldemar  Lindgren.    1904.    123  pp.,  15  pis. 
B  229.  Tin  (letK)sits  of  the  York  region,  Alaska,  by  A.  J.  Collier.    1904.    61  pp.,  7  pis. 
B  236.  The  Porcupine  placer  district.  Alaska,  by  C.  W.  Wright.    1904.    a5  pp.,  10  pis. 
B  23M.   Kconomic  geology  of  the  lola  <iuadmngle.  Kansas,  by  G.  I.  Adams.  Erasmus  Haworth,  and 

W.  R.  Crane.     P.K)4.    83  pp.,  11  pis. 
B  24:i.  Cement  materials  and  indu.Ktry  of  the  United  States,  by  E.  C.  Eckel.    19ft5.    395  pp.,  15  pis. 
B  246.  Zinc  and  lead  dei)Osits  of  northwestern  Illinois,  by  H.  Foster  Bain.    1904.    56  pp.,  5  pis. 
B  247.  The  Fairhaven  gold  placers  of  Seward  Peninsula,  Alaska,  by  F.  H.  Moflftt.    1905.    S5  pp..  14  pis. 
B  249.  Limestones  of  8<jutheastern  Pennsylvania,  by  F.  G.  Clapp.    1905.    52  pp.,  7  pis. 
B  '2.M).  The  petroleum  (ields  of  the  Pacific  coast  of  Alaska,  with  an  account  of  the  Bering  River  coal 

depo.sitM,  by  G.  C.  Martin.    1905.    65  pp.,  7  pis. 
B251.  The  uold  placers  of  the  Fortymile.  Birch  Creek,  and   Fairbanks  regions,  Alaska,  by  L.  M. 

Prindle.     1905.    89  pp..  16  pis. 
WS  117.  The  liKnite  of  North  Dakota  and  its  relation  to  irrigation,  by  F.  A.  Wilder.    1905.    59  pp.,  8  pis, 
PP36.  The  lead,  zinc,  and  tluorsi>ar  deposits  of  western  Kentucky,  by  E.  O.  Ulrich  and  W.  S.  T. 

Smith.    19a5.    218  pp..  15  pis. 
PPIis,  E<!oiiomic  geology  of  the  Bingham  mining  district.  Utah,  by  J   M.  Boutwell,  with  a  chapter 

on  areal  gijology,  by  Arthur  Keith,  and  an  introtiuction  on  general  geology,  by  S.  F.  Emmons. 

11K)5.     413  pp.,  49  pis. 
PP  41.  (^;eology  of  the  central  Copper  River  region,  Alaska,  by  W.  C.  Mendenhall.    1905.    133  pp.,  20  pis. 
B  25-1.  Report  of  progress  in  the  geological  resiirvcy  of  the  Cripple  Creek  district,  Colorado,  by  Walde- 
mar Lindgren  and  F.  L.  Ransome.    1904.    36  pp. 
B  255.  The  fluorspar  deposits  of  southern  Illinois,  by  H.  Foster  Bain.    1905.    75  pp.,  6  pis. 


SERIES    LIST.  Ill 

B  2fi6.  Mineral  resources  of  the  Elders  Ridge  qaadrangle,  Pennsylvania,  by  R.  W.  Stone.     1906 

86  pp.,  V2  pis. 
B  250.  Report  on  progress  of  investigations  of  mineral  resources  of  Alaska  in  1904,  by  A.  H.  Brooks 

and  others.    1905.    196  pp..  3  pis. 
B  260.  Contributions  to  economic  geology,  1904:  S.  F.  Emmons  and  C.  W.  Hayes,  geologists  in  charge. 

1905.  620  pp.,  4  pis. 

B  261.  Preliminary  report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological 

Survey  at  the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904;  £.  W.  Parker,  J.  A. 

Holmes,  and  M.  R.  Campbell,  committee  in  charge.    1905.    172  pp.    (Out  of  stock.) 
B  263.  Methods  and  cost  of  gravel  aad  placer  mining  in  Alaska,  by  C.  W.  Purington.    1906.    273  pp., 

42  pis. 
PP  42.  Geology  of  the  Tonopah  mining  district,  Nevada,  by  J.  E.  Spurr.    1905.    296  pp.,  24  pis. 
PP  43.  The  copper  deposits  of  the  Cllfton-Morenct  district,  Arizona,  by  Waldemar  Lindgrcn.    1905. 

375  pp.,  25  pis. 
B  264.  Record  of  deep-well  drilling  for  1904.  by  M.  L.  Fuller,  E.  F.  Lines,  and  A.  C.  Veatch.    1906. 

106  pp. 
B  265.  Geology  of  the  Boulder  district,  Colorado,  by  N.  M.  Fenneman.    1905.    101  pp.,  5  pis. 
B  267.  The  copper  deposits  of  Missouri,  by  H.  Foster  Bain  and  E.  O.  Ulrich.    1905.    52  pp.,  1  pi. 
B  269.  Corundum  and  its  occurrence  and  distribution  in  the  United  States  (a  revised  and  enlarged 

edition  of  Bulletin  No.  180),  by  J.  H.  Pratt.    1906.    175  pp.,  18  pis. 
PP  48.  Report  on  the  operations  of  the  coal-testing  plant  of  the  United  States  Geological  Survey  at 

the  Louisiana  Purchase  Exposition,  St.  Louis,  Mo.,  1904;  E.  W.  Parker.  J.  A.  Holmes.  M.  R. 

Campbell,  committee  in  charge.    1906.    (In  3  parts.)    1492  pp.,  13  pis. 
B  275.  Slate  deposits  and  slate  industry  of  the  United  States,  by  T.  N.  Dale,  with  sections  by  E.  C. 

Eckel.  W.  F.  Hillebrand,  and  A.  T.  Coons.    1906.    164  pp.,  25  pis. 
PP  49.  Geology  and  mineral  resources  of  part  of  the  Cumberland  Gap  coal  field,  Kentucky,  by  G.  H. 

Ashley  and  L.  C.  Glenn,  In  cooperation  with  the  State  Geological  Department  of  Kentucky, 

C.  J.  Norwood,  curator.    1906.    239  pp.,  40  pis. 
B  277.  Mineml  resources  of  Kenai  Peninsula.  Alaska:  Gold  fields  of  the  Tumagain  Arm  region,  by 

F.  H.  Moffit;  Coal  fields  of  the  Kachemak  Bay  region,  by  R.  \V.  Stone.    1906.    80  pp.,  18  pis. 
B  278.  Geology  and  coal  resources  of  the  Cape  Lisbume  region,  Alaska,  by  A.  J.  Collier.    1906.    54  pp., 

9  pis. 
B  279.  Mineral  resources  of  the  Kittanning  and  Rural  Valley  quadrangles,  Pennsylvania,  by  Charles 

Butts.    1906.    —  pp.,  11  pis. 
B  280.  The  Rampart  gold  placer  region,  Alaska,  by  L.  M.  Prindle  and  F.  L.  Hess.    1906.    54  pp.,  7  pis. 
B  282.  Oil  fields  of  the  Tex  as- Louisiana  Gulf  Coastal  Plain,  by  N.  M.  Fenneman.    1906.    146  pp..  11  pis. 
PP  51.  Geology  of  the  Bighorn  MounUins,  by  N.  H.  Darton.    1906.    129  pp.,  47  pis. 
B  283.  Geology  and  mineral  resources  of  Mississippi,  by  A.  F.  Crider.    1906.    99  pp.,  4  pis. 
B  284.  Report  on  progress  of  investigations  of  the  mineral  resources  of  Alaska  in  1905,  by  A.  H.  Brooks 

and  others.    190(>.    169  pp.,  14  pis. 
B  285.  Contributions  tu  Economic  Geology,  1906;  S.  F.  Emmons  and  E.  C.  Eckel,  geologists  in  charge. 

1906.  506  pp.,  13  pis. 

B  286.  Economic  geology  of  the  Beaver  quadrangle.  Pennsylvania,  by  L.  H.  Woolsey.    1906.    —  pp. 

8  pis. 
B  287.  Juneau  gold  belt.  Ala.ska,  by  A.  C.  Spencer,  and  A  reconnaissance  of  Admiralty  Island,  Alaska, 

by  C.  W.  Wright.    1906.    161  pp..  27  pis. 
PP  54.  The  geology  and  gold  deposits  of  the  Cripple  Creek  district.  Colonuio,  by  W.  Lindgren  and 

F.  L.  Riinsome.    1906.    —  pp.,  29  pis. 
PP  65.  Ore  defM>sits  of  the  Silver  Peak  quadrangle,  Nevada,  by  J.  E.  Spurr.    1906.    174  pp.,  24  pis. 
B  289.  A  reconnaissance  of  the  Matanuska  coal  field,  Alaska,  in  1905,  by  G.  C.  Martin.    1906.    36  pp., 

5  pis. 
B  290.  Preliminary  report  on  the  operations  of  the  fuel-testing  plant  of  the  United  States  Geological 

Survey  at  St.  Louis.  Mo..  1905.  by  J.  A.  Holmes.    1906.    240  pp. 
B  293.  A  reconnaissance  or  some  gold  and  tin  deposits  of  the  southern  Appalachians,  by  L.  C.  Graton, 

with  notes  on  the  Dahlonega  mines,  by  W.  Lindgren.    1906.    134  pp.,  9  pis. 

SERIES  B.  DESCRIPTIVE  GEOLOGY. 

B  23.  Observations  on  the  Junction  between  the  Eastern  sandstone  and  the  Keweenaw  series  on 

Keweenaw  Point,  Lake  Superior,  by  R.  D.  Irving  and  T.  C.  Chamberlin.    1885.    124  pp.,  17 

pis.    (Out  of  stock.) 
B  33.  Notes  on  geology  of  northern  California,  by  J.  S.  Diller.    1886.    23  pp.    (Out  of  stock.) 
B  39.  The  upper  beaches  and  deltas  of  Glacial  Lake  Agasslz,  by  Warren  Upham.    1887.    84  pp.,  1  pL 

(Out  of  stock.) 
B  40.  Changes  in  river  courses  in  Wa.shington  Territory  due  to  glaciation,  by  Bailey  Willis.    1887.    10 

pp.,  4  pis.    (Out  of  stock. ) 
B  45.  The  present  condition  of  knowledge  of  the  geology  of  Texas,  by  R.  T.  Hill.    1887.  %l  pp.    (Out 

of  stock.) 


IV  SERIES    LIST. 

B  53.  The  geology  of  Nantucket,  by  N.  S.  Shaler.    1889.    55  pp.,  10  pis.    (Out  of  stock.) 

B  57.  A  geologii'al  reconnaissance  in  southwestern  Kansas,  by  Robert  Hay.    1890.    49  pp.,  2  pis. 

B  58.  The  glacial  boundary  in  western  Pennsylvania,  Ohio,  Kentucky,  Indiana,  and  Illinois,  by  O.  F. 

Wright,  with  introduction  by  T.  C.  Chamberlin.    1890.    112  pp.,  8  pis.    (Out  of  stock. ) 
B  67.  The  relations  of  the  traps  of  the  Newark  system  in  the  New  Jersey  region,  by  N.  H.  Darton. 

1890.    82  pp.     (Out  of  stock.) 
B  104.  Glaciation  of  the  Yellowstone  Valley  north  of  the  Park,  by  W.  H.  Weed.    1893.    41  pp..  4  pis. 
B  108.  A  geological  reconnaissance  in  central  Washington,  by  I.  0.  Russell.    1893.    108  pp.,  12  pis. 

(Out  of  stock.) 
B  119.  A  geological  reconnaissance  in  northwest  Wyoming,  by  G.  H.  Eldridge.    1894.    72  pp.,  4  pis. 
B  187.  The  geology  of  the  Fort  Riley  Military  Reservation  and  vicinity,  Kansas,  by  Robert  Hay.    1896. 

35  pp.,  8  pis. 
B  144.  The  moraines  of  the  Missouri  Ck>teau  and  their  attendant  deposits,  by  J.  E.  Todd.    lS9fi.    71 

pp.,  21  pis. 
B  158.  The  moraines  of  southeastern  South  Dakota  and  their  attendant  deposits,  by  J.  E.  Todd.    1899. 

171  pp.,  27  pis. 
B  159.  The  geology  of  eastern  Berkshire  County,  Massachusetts,  by  B.  K.  Emerson.    1899.    139  pp.,  9 

pls«. 
B  165.  Contributions  to  the  geology  of  Maine,  by  H.  S.  Williams  and  H.  E.  Gregory.    1900.    212  pp.,  14 

pis. 
WS  70.  Geology  and  water  resources  of  the  Patrick  and  Gosheu  Hole  quadrangles  in  eastern  Wyoming 

and  western  Nebraska,  by  G.  I.  Adams.    1902.    60  pp.,  11  pis. 
B  199.  Geology  and  water  resources  of  the  Snake  River  Plains  of  Idaho,  by  I.  C.  Russell.    1902.    192  pp., 

25  pis. 
PPl.  Preliminar>'  report  on  the  Ketchikan  mining  district,  Alaska,  with  an  introductory  sketch  of 

the  geology  of  southeastern  Alaska,  by  A.  H.  Brooks.    1902.    120  pp..  2  pis. 
PP  2.  Reconnaissance  of  the  northwestern  portion  of  Seward  Peninsula,  Alaska,  by  A.  J.  Collier.    1902. 

70  pp.,  11  pis. 
PP  3.  Geology  and  petrography  of  Grater  Lake  National  Park,  by  J.  S.  Diller  and  H.  B.  Patton.    1902. 

167  pp.,  19  pis. 
PP  10.  Reconnaissance  from  Fort  Hamlin  to  Kotzebue  Sound,  Alaska,  by  way  of  Dall.  Kanuti,  Allen, 

and  Kowak  rivers,  by  W.  C.  Mendenhall.    1902.    68  pp.,  10  pis. 
PP  11.  Clays  of  the  United  States  east  of  the  Mississippi  River,  by  Heinrich  Ries.    1908.    298  pp.,  9  pis. 
PP  12.  Geology  of  the  Globe  copper  district,  Arizona,  by  F.  L.  Ransome.    1908.    168  pp.,  27  pis. 
PP  13.  Drainage  mo<1ificat1ons  in  southeastern  Ohio  and  adjacent  parts  of  West  Virginia  and  Ken- 
tucky, by  W.  G.  Tight.    1903.     ill  pp.,  17  pis. 
B  20H.  I)e.scriptive  Geology  of  Nevada  south  of  the  fortieth  parallel  and  adjacent  |)ortions  of  Califor- 
nia, by  J.  E.  Spurr.     1903.    2"i9  pp.,  8  pis. 
B  L09.  (Ecology  of  Aseutney  Mountain,  Vermont,  by  R.  A.  Daly.     1903.     122  pp.,  7  pis. 
WS  78.  Preliminary  report  on  artesian  basins  in  southwestern  Idaho  and  southeastern  Oregon,  by 

I.  C.  Russell.     1903.    .il  pp.,  2  pis. 
PI*  l'».  Miiieml  resources  of  the  Mount  Wrangell  district,  Alaska,  by  W.  C.  Mendenhall  and  F.  C. 

Sehrader.     1903.    71  pp.,  10  pis. 
PP  17.  Preliminary  report  on  the  geology  and  water  resources  of  Nebraska  west  of  the  one  hundred 

and  third  meridian,  by  N.  H.  Darton.     1903.    09  pp.,  43  pis. 
B  217.  Notes  on  the  geology  of  southwestern  Idaho  and  southeastern  Oregon,  by  I.C.  Ru^ell.     1903. 

83  pp..  l«  pl.<. 
B  219.  The  on*  deposits  of  Tonopah,  Nevada  (preliminary  report),  by  J. E.  Spurr.     1903.    31  pp.,  1  pi. 
PI*  20.  A  reconnaissiince  in  n(»rthern  Ala.ska  in  1901,  by  F.  C.  Schrader.    1904.    139  pp.,  16  pis. 
PI*  21.  The  geolok'y  and  ore  dej)Osiis  of  the  Bisbee  quadrangle,  Arizona,  by  F.  L.  Ransome.    1904.    168 

pp..  29  pl>. 
WS  90.  (Jeology  and  water  re.sourees  of  part  of  the  lower  James  River  Valley,  South  Dakota,  by  J.E. 

Todd  and  C.  M.  Hall.     1904.     47  pp., 23  pis. 
PP  •2'^.  The  copper  deposits  of  the  Encampment  district,  Wyoming,  by  A.  C.  Spencer.     1901.     107  pp.. 

2  pis. 
PI'  20.  Economic  resources  of  the  northern  Black  Hills,  by  J.  D.  Irving,  with  contributions  by  S.  F. 

Emmons  and  T.  A.  Jaggar,  jr.    1904.    222  pp.,  20  pl.s. 
PP  27.  A  geological  reconnaissance  across  the  Bitterroot  Range  and  Clearwater  Mountains  in  Mon- 
tana and  Idaho,  by  Wnldemar  Lindgren.    1904.    122  pp.,  15  pis. 
PI*  31.  rrcliminary  report  on  the  geology  of  the  Arbuekle  and  Wichita  mountains  in  Indian  Territory 

and  Oklahoma,  by  J.  A.  TafT,  with  an  appendix  on  reported  ore  deposits  in  the  Wichita 

Mountains,  by  H.  F.  Bain.     1904.    97  pp.. 8  pis. 
B  23.'>.  .\  geological  reconnais-simce  across  the  ('ascade  Range  near  the  forty-ninth  parallel,  by  G.  0. 

Smith  an<l  V.  ('.  Calkins.     1904.     103  pp., 4  pis. 
B  23('..  The  Porcupine  placer  district.  Ala.ska,  by  C.  W.  Wright.     1904.    35  pp.,  10  pis. 
B  237.  Igneqps  rocks  of  the  Highwood  Mount*\ms.  Montana,  by  L.  V.  Pirsson.    1901.    208  pp.,  7  pis. 


SERIES    LIST.  V 

B  238.  Economic  geolofj  of  the  lola  quadrangle,  Kansag,  by  G.  I.  Adams,  Erasmuth  Haworth,  and 

W.  R.  Crane.    1904.    83  pp.,  1  pi. 
PP  32.  Geology  and  underground  water  resources  of  the  central  Great  Plains,  by  N.  H.  Darton.    1905. 

433  pp.,  72  pis. 
W8  110.  Contributions  to  hydrology  of  eastern  United  States,  1904;  M.  L.  Fuller,  geologist  in  charge. 

1905.    211  pp.,  5  pis. 
B  242.  Geology  of  the  Hudson  Valley  between  the  Hoosic  and  the  Kinderhook,  by  T.  Nelson  Dale. 

1904.  63  pp.,  3  pis. 

PP  34.  The  Delavan  lobe  of  the  Lake  Michigan  glacier  of  the  Wisconsin  stage  of  glaciation  and 

associated  phenomena,  by  W.  C.  Alden.    1904.    106  pp.,  15  pis. 
PP  36.  Geology  of  the  Perry  Basin  in  southeastern  Maine,  by  G.  O.  Smith  and  David  White.    1906. 

107  pp.,  6  pis. 
B  243.  Cement  materials  and  industry  of  the  United  States,  by  £.  C.  Eckel.    1905.    395  pp..  15  pis. 
B  246.  Zinc  and  lead  deposits  of  northeastern  Illinois,  by  H.  F.  Bain.    1904.    56  pp.,  5  pis. 
B  247.  The  Fairhaven  gold  placers  of  Seward  Peninsula,  Alaska,  by  F.  H.  Mofflt.    1905.    85  pp.,  14  pis. 
B  249.  Limestones  of  southwestern  Pennsylvania,  by  F.  G.  Clapp.    1905.    62  pp.,  7  pis. 
B  250.  The  petroleum  fields  of  the  Pacific  eoa.st  of  Alaska,  with  an  account  of  the  Bering  River  coal 

deposit,  by  G.  C.  Martin.    1905.    65  pp.,  7  pis. 
B  251.  The  gold  placers  of  the  Fortymile,  Biroh  Creek,  and  Fairbanks  regions,  Alaska,  by  L.  M. 

Prindle.    19a5.    16  pp.,  16  pis. 
WS  118.  Geology  and  water  resouroes  of  a  portion  of  east-central  Washington,  by  F.  C.  Calkln».    1905. 

96  pp..  4  pis. 
B  252.  Preliminar>'  report  on  the  geology  and  water  resources  of  Central  Oregon,  by  I.  C.  Russell. 

19a5.    138  pp.,  24  pis. 
PP  36.  The  lead,  zinc,  and  fluorspar  deposits  of  western  Kentucky,  by  E.  O.  Ulrlch  and  W.  S.  Tangier 

Smith.    1905.    218  pp.,  15  pis. 
PP  38.  Economic  geology  of  the  Bingham  mining  district  of  Utah,  by  J.  M.  Bc^utwell,  with  a  chapter 

on  areal  geolog>',  by  Arthur  Keith,  and  an  introduction  on  general  geology,  by  S.  F.  Emmons. 

1905.  413  pp..  49  pis. 

PP  41.  The  geology  of  the  central  Copper  River  region,  Alaska,  by  W.  C.  Mendcnhall.    19a'>.    133  pp., 

20  pis. 
B  254.  Report  of  progress  In  the  geological  resurvey  of  the  Cripple  Creek  district,  Colorado,  by 

Waldemar  Lindgren  and  F.  L.  Ransome.    1904.    36  pp. 
B  255.  The  fluorspar  deposits  of  southern  Illinois,  by  H.  Foster  Bain.    1905.    75  pp.,  6  pis. 
B256.  Mineral  resources  of  the  Elders  Ridge  quadrangle.  Pennsylvania,  by  R.  W.  St<^)ne.     1905. 

85  pp.,  12  pis. 
B  257.  Geology  and  Paleontology  of  the  Judith  River  beds,  by  T.  W.  Stanum  and  J.  B.  Hatcher,  with 

a  chapter  on  the  fossil  plants,  by  F.  H.  Knowlton.    1905.    174  pp.,  19  pis. 
PP  42.  Geology  of  the  Tonopah  mining  di«<trifr,  Nevada,  by  J.  E.  Spurr.    1905.    295  pp..  24  pla. 
WS  123.  Geology  and  underground  water  conditions  of  the  Jornada  del  Muerto,  New  Mexico,  by 

C.  R.  Keyes.    1905.    42  pp.,  9  pis. 
WS  136.  Underground  waters  of  Salt  River  Valley,  Arizona,  by  W.  T.  Lee.    1905.    194  pp..  24  pis. 
PP43.  ThccopperdepositsofClifton-Morenci,  Arizona,  by  Waldemar  Lindgren.    1905.    375  pp.,  25  pis. 
B  265.  Geology  of  the  Boulder  district,  Colorado,  by  N.  M.  Fenneman.    19a'>.    101  pp.,  5  pis. 
B  267.  The  copper  deposits  of  Missouri,  by  H.  F.  Bain  and  E.  O.  Ulrich.    1905.    52  pp..  1  pi. 
PP  44.  Underground  water  resources  of  Long  Island,  New  York,  by  A.  C.  Veatch,  and  others.    1905. 

394  pp.,  34  pis. 
WS  148.    Geology  and  water  resources  of  Oklahoma,  by  C.  N.  Gould.    1906.    178  pp.,  22  pis. 
B  270.  The  configuration  of  the  rock  floor  of  Greater  New  York,  by  W.  H.  Hobbs.    1905.    96  pp.,  5  pis. 
B  272.  Taconic  physiography,  by  T.  M.  Dale.    1905.    62  pp.,  14  pis. 
PP  45.  The  geography  and  geology  of  Alaska,  a  summary  of  existing  knowledge,  by  A.  H.  Brooks. 

with  a  section  on  climate,  by  Cleveland  Abbe,  jr.,  and  a  topographic  map  and  description 

thereof,  by  R.  M.  Goode.    1905.    327  pp.,  34  pis. 
B  273.  The  drumlins  of  southeastern  Wisconsin  (preliminary  paper),  by  W.  C.  Alden.    1905.    46  pp., 

9  pis. 
PP  46.  Geology  and  underground  water  resources  of  northern  Louisiana  and  southern  Arkansas,  by 

A.  C.  Veatch.    1906.    422  pp.,  51  pis. 
PP  49.  Geology  and  mineral  resources  of  part  of  the  Cumberland  Gap  coal  field,  Kentucky,  by  G.  H. 

Ashley  and  L.  C.  Glenn,  in  cooperation  with  the  State  Geological  Department  of  Kentucky. 

C.  J.  Norwood,  curator.    1906.    239  pp.,  40  pis. 
PP  50.  The  Montana  lobe  of  the  Keewalin  ice  sheet,  by  F.  H.  H.  Calhoun.    1906.    62  pp..  7  pis. 
B  277.  Mineral  resources  of  Kenai  Peninsula,  Alaska:  Gold  fields  of  the  Turnagain  Arm  rcgion,  by 

F.  H.  MolBt;  and  the  coal  fields  of  the  Kachemak  Bay  rcgion,  by  R.  W.  Stone.    1906.    80  pp.. 

18  pis. 
WS  164.  The  geology  and  water  resources  of  the  eastern  portion  of  the  Panhandle  of  Texas,  by  C.  N. 

Gould.    1906.    64  pp..  16  pis. 


m 


BKBX  V   LIBT. 


Ef78.  Qwlogy  mod  ooftl  rcwwutw*  of  tlu  Ckp«  UibiuiM  itefkni^  AlMkA,  bf  X,  I.  tWM|^^ 

pp.,  0  pis.  ^^P 

B  279.  Mineral  reMmrea  of  the  Klttannlng  and  Run!  Valley  quadmaclei.  Ftnnvylnuila.  bj  Gbailai 

ButUi.    1906.    —  pp.,  11  plB. 
B  SHO.  The  Rampart  gold  placer  region.  AUwka,  by  L.  M.  Prindle  and  F.  L.  HeM.    1901.   M  ppu.  7  pin 
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1906.    86  pp..  6  pis. 
PP  58.  Geology  and  water  resources  of  the  Bighorn  basin,  Wyoming,  by  Cassius  A.  Usher.    1908L 
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